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PREFACE 



This study has been prepared as a sequel to earlier work by OECD 
on the economic and manpower aspects of education. When, in the 
beginning of the 1960* a, the OECD Directorate for Scientific Affairs 

to be heavily engaged in the launching of the economics of educa- 
tion, its work was more particularly concerned with operationalizing 
the quarititatlve link between economic growth and educational expansion 
parterns.. One of the more lmpQrtar+ constraints during those yearB 
was the lack of adequate data. As the work of the OECD expanded in 
scope to include the whole area of educational planning and policy, the 
emphasis on the economic and manpower dimension became relatively 
less strong. At the same time more information was becoming avail- 
able on occupational and educational structures of the labour force in 
various cuuntries. In spite, therefore, of the widening scope of OECD 
interests in the educational field, it was nonetheless felt that it would 
not be inappropriate, after the crude and speculative work of some 
years ago, to revisit certain aspects of that work now that more data 
are fl.nally available. It w' s this consideration that lay behind the de- 
cision to undertake the present study. In the final chapter of the main 
analysis (Chapter 3DaY) the relevance of the study is conslderad in the 
mder perspective of educational planning and policy. 

The source material and data which served as the basis of the 
present study have been published separately under the title "Statistic a 
of the Occupational and Educational Structure of the Labour Force in 
53 Countries-' (OECD, Paris, 1969), and the analyaia presented here should 
therefore be considered as a companion \”olume to this earlier publi- 
cation, 

A first draft of this study was diseussed by a group of experts who 
have been following OECD' s work in the field of education since the 
begi nni ng. Four of them have been good enough to write up their criti- 
cal obseinrations on the first draft, and these have been included in the 
present publication. 

The study is published in two volumes. The first volume contains 
the m^n analysis and the critical comments by Mary Jean Bowman, 

Mark Blaug, Josef Staindl and Jef Maton, The second volume contains 
a discussion on classification agfregation problems, suppl^entary 
analyses of the data and a listing of the observations used in the pres- 
ent analysis (Annexes A to H), 

This work was initiated and directed by Louis Emmerij, The bulk 
of the work has been carried out by Jean-Pierre JaDade, who can be 
considered as the major author of the stu^. Claes Groner has made 
important contributions to Part II of the first volume. 
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Part One 

general INTOODUC'nON AND PRESENTATION 



I 

S'- 




I 



OBJECTIVES AND rjOPE OF THE STUDY 



This study aims at elueldaU ig the factors which determine the 
occupational and edueational structure of the labour force. It does so 
at a rather high level of aggregation^ using data drawn from the latest 
population censuses of up to 45 Member and other countries. It can, 
therefore, also be considered as bearing on the relevance of interna- 
tional comparisons to the manpower aspects of educational planning. 
There is no need to set out once more the multiplicity of objectives 
which the educational system has to serve, and the numerous aspects 
- social, economic, culture - which educational planning has to cover. 
If thereforej the present analysis does not deal with the social objec = 
tlves of education, curriculum reform, pre-school education, etc,, it 
is not because these aspects are considered as unimportant, but be- 
cause the study has been focused on another important topic, a topic, 
moreover, which has been one of the more hotly debated issues in 
discussions on educational planning. 



One of the external factors which govern - or should govern - the 
pattern of education^ e^ansion consists of the requirements of quali- 
fied manpower which Industrial and technological development imposes 
upon the educational system. These are the economic objectives of 
education in the context of the present study. They have quantitative 
as well as qu^tative implications for the educational system. Not only 
shoiiid certain types of personnel be supplied in increasing or decreasing 
numbers, but their quality should be in line with the changes in the eco- 
nomic and technolo^cal environment. This study is concerned with 
the quantitative aspects only. Moreover, given the scope of the census 
data, it has only been possible to deal with the formal educational at- 
taimnents of the labour force, to the exclusion of qualifications obtained 
through channels other than the formal educational system. 

The method which has noiroally been used to qumtify file economic 
objeetivea of educatton Is the so-called manpower approach. This ap- 
proach, at least as It has usu^y been applied, has been critieized 
owing, among others, to the wide margins of error which can be ex- 
pected in the present state of knowledge and tedunquee. Some authors 
suggest an alternative method - the so-called rate -of -return approach, ^ 

^ For a sitieal survey erf the v^ioui ineAodi and appf caches, see G, Arnold And^sai and Mary 
Jean BowmaHi "Tbeoretlcal COTsidefations in Educattgnal Pltoning", In Educatjcnal Plannin g (p. Adams, 
ed.), S)^acuseUniverslty Press, 1964. We will come back to tMs ^Ucle in the final Chapter <rf this study. 



1. ECONOMIC OBJECTIVES OF EDUCATION 





It shoiild be notedj however, that this method does not strictly quantify 
the economic otajectives of education. It does, of course, take account 
of the economic dimension as reflected in relative costs and prices ior 
training the various types of manpower; and it allows one to say, with; 
the usual reservations, whether in the short run one is investing enough, 
too little or too much in the various types of education. Rather than 
being competitive, these two approaches should be considered as oom- 
plementary, * 

As is weU known, the OECD has done or stimulated, since the 
beginning of this decade, a certain amount of methodological ae well 
as operational work in the field of the manpower approach to quantiiy 
the economic objectives of education (and not in the field of manpower 
approach to educational planning , as some insist on camng it), ihls 
work was mainly carried out in connection, first, mth the Mediterr^ean 
Regional Project, and, later, with the OECD' s Latin-American Project 
financed by the Ford Foundation, ** 

The manpower approach to quantifying the economic objectives of 
education was first dealt with in a comprehensive manner by H. S. Fames 
in his methodolomcal statement, ForecaBtin j Educat ion^ Needs fo r 
Ecnnomic and Social Development. The method was tested empirically 
in the six countiy reports of the first stage of the Mediterranean Re- 
gional Project. In the light of this experiment, a critlCBl evaluation 
was made by the OECD of the manpower approach methodology as tirst 
conceived by Fames and others, 

The rate-of-return approach has crept into the OECD' ® 
time to time, but has never Bucceeded in gaining a firm foothold. 

As its name suggests, this approach consists of quantify the cost 
benefit flows of additional years of formal schooling Md calculating the 
rate of return on the investment required for the ad^tion^_ schooling. 
There are a certain number of conceptual and technical difficUltieB in- 
herent in this approach. =5=**^* On the other hand, it has the obvious 
conceptual advantage of tiying to introduce cost-benefit analysis, without 
which most of the projections resulting from the manpower approach are 
rather devoid of (economic) meaning. These two approaches have been 
tried out by different people, and tins has resulted in a certain number 
of misunderstandings. In the final chapter of this document, we sh^ 
come back to the problem of combining the two approaches. Until then, 
however, the analyses will focus exclusively on certain aspects of the 
manpower approach. 



* See* for examplej M. BUug, "Apptpaehes to EducaUopal Planning", Eeonom^joumal , 

* • On Ae Meditenanean Regional ftojeet, see H.S, Painea, FcEecajtu ig ^ucational NeeA fst 
Economic and Social Developm^t, OECD, 19S2j R* Holster, A Tech^cal Evaluarion rf the ^ |t 
Dh f the MedlimaneanTRe^Qoal faoieet. OlCTt 1966; see also Ae ^ volumes <rf country’' feporti! 

° Iteli. saain. Tuthev and Yugogte^ OECD. 1965, As legMds the OECD's LaUn- 

A; laican Pfojeet. see, e,g. EducatiKi, H u man Resourees and Deyelppni^^ (2 vol,), 

OECD, 1D67, 

R, HoUistS, OP« cit, e.. Tt 4 B 1 

* • • • Sea. f® example. The Residual Fact^- ajid E conomic GrcwA* OECD, 1964, AUo M. Blaug, 

M H PestOT, A. Zid^iTiM, "The UtiUiation rf Qualified MMipowaf in Industry", In P^oy Goaferenee 

nn Hi phly-Quallfted Manpow® , OECD, 1967, « 

• ••«• gee, fa sample, S. Mareti, "The Rato erf RetiBii to EducaUoiis a aiiiqua , Chrferd Economic 

Papas, Novemher 1966, 
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2. M^POWER APPROACH 
AND INTERNATIONAL COMPARISONS 



The manpowsr approach to the quai ication of the economic ob* 
jectives of education starts with projectiuns of output, productivity and 
employment by sector of economic activity, goes on "^th the projection 
of the occupational structure of sector employment, its translation into 
educational equivalents, and ends by calculating the number of new en- 
trants by level and type of education required for the labour force during 
the projection period. The methodology used so far, including the OECD 
one, is a multi-stage approach as opposed to a simultaneous and optimal- 
solution approach as suggested, for example, by the models of Benard, 
Adelman and Bowles, ^ 

In this context, the multi-stage approach means that the production 
function (with the two tracRtional factors of production, capital Bud la- 
bour) has already been decided upon when, the manpower -educational 
planner comes on the scene. The production function which is being 
used does not Interest us for the moment; it may be the old Cobb- 
Douglas production function with an elasticity of substitution equal to 1; 
it may be the Leonti ef production function with 0 elasticity of substitu- 
tion, or some kind of a CES production function with an elasticity of 
substitution equal to n. The importwit point is that, in one way or 
another, the Maounts of output, capital and labour have been fixed be- 
fore the manpower planner starts on his work. Those who work vdth 
Leontief concepts at this stage are closest to the manpower projection 
methods as used at present. Indeed^ the manpower planner maintains 
that, once ha knows the production function, md thus output, labour 
and productivity, he will be able to determine the occupational and 
educational structure of that (already fixed) labour force at the level of 
technology implioit in the production function. He, therefore, assumed 
complementarity and technolopcal relationships - a Leontief universe ^ 
Clearly, therefore, aH the problems around substituting capital for la- 
bour, and vice versa , are being disposed of during tiie first stage, and 
the manpower planner has to accept this as a datum, although he may 
be able to show later that certain constraints had been overlooked by 
the economic planers. 

But though the manpower approach as currently practised consists 
of a series of succeBsive approximations, one could veiy well imagine 
a simult^ieous solution applied to it, as long as one Is prepared to 
draw the theoretical consequenees from such a procedure. As men- 
tioned above, this method asBumes eomplementarlty between the various 
aspects of the traditiOMl production function and the types of labour. 

The procedure of successive approxlinations is os^y intended to explore 
various alternatives and to re-introduce in this way partial substitution 
possibilities by trial and error. But at its extreme, the method consists 
in assuming that to each vector of final demajid corresporLds one, and 
only one, occupational and educational structure which fulfils the condi- 
tion of a simultM.eouB solution, 

^ Jean Benard, "GeneEal Optimisation Model for the EcMomy and Edueailai", in Ma&emaUeal 
Medeb in EducaUmal Planning , OECD, 1967; Samuel S, Bowlea, The Effioleat AllgcaUon of Resoigcei 
In Educattoj a Ptontoe Model wta A pp Mcatioas to Nigeria, Hi^v^d Unlverdty, 196S; Irma 

Adelman, "A Linear Pio^amming Modal of BducatlOTal Planningi a Case Study of Arganiina”, in 
Thecey and D^I bi of Eetmomls Development (kma Adelmiin and &lk Thorb^ke, ed,), BalUmGre, 

1966. 




However this may be, the above discussion clearly points to the 
importance of ejcamlning the values of the occupational and educational 
input coefficients and their evolution according to the prevailing level 
of economic and technologic^ development. In the literature on the 
subject, three basic methods are advocated to project the occupational 
structure by sector of economic activity: (i) extrapolation of past 

trends, (ii) international comparisons, and (iii) inter -firm compari- 
sons. ^ The conversion of the projected occupational structure into 
educational equivalents is definitely the most difficult step of the nrian- 
power approach, and the methods used so far have been a va^e mixture 
of international comparisons, extrapolations and more or less informed 
guesses. 

Given the almost general absence of sufficiently long time=series 
concerning the occupational and educational stimcture of the labour 
force and of detailed data on individual firms, it has been mainly the 
international comparisons which have served as a guide for estimating 
the changes in the occupational and educational structures. Information 
on the international level has ^so been rare until very recently, and 
frequently the projections were made by comparisons with one or two 
other countries only. 

It is therefore not difficult to understand that the manpower approach 
to quantifying the economic objectives of education has been under heavy 
fire because of alleged unreliable and sometimes even contradictory re- 
sults. 



3. SCOPE OF THE STUDY 

In order to get a clearer insight into the usefulness of international 
compaiisons for purposes of manpower projection, a great effoit was 
undertaken to coILeet data on the occupational and education^ structure 
of the labour force for as m^y countries as possible, In this way 
information was obtained = in more or less detail - for 53 countries 
drawn from the latest round of Censuses, 1- the years 1960 and 

1961. The very difficult problems of classification and aggregation 
which have arisen are dealt with in Annex A, With this amount of in- 
formation (aitiiough, of course, the number of observations varies 
according to the level of aggregation), it has become possible in prin- 
ciple to test systematically whether there are any significant relation- 
ghlpB between the occupational and education^ structures of the labour 
force, on the one hand, and indicators reflecting the level of economic 
and technological development, on the dther. 

More generally, an attempt can now be made to examine which 
factorB, iriclud*ng other than economic variables, influence the occu- 
pational and educational structure of the labour force. The aim of the 
present study is, thereforeV to identiftr the factors which govern the 
evolution of the sldll structure of the labour force, and to attempt to 

^ see, fa example, L, EmmaiJ and H. Thlai. “Rrojeedng Manpewa Re^iremente by Oceu- 
patloi", in Lectittas and Mefliodglogiaal Essayi on EducaUaml Piling , OECD, 1966. 

Thb data eoUectim project has been cairied out Joinlly hy OECD’s Directarate for 

Sciemtfic and tile Unit for Economic and StaUstlcal Studies on Edueatira of the Londcm 

School Economics, The results ae pubUtiied by *e OECT undac fee tttle gtatWes of tiie Occu pa^ 
tional and Educadonal SOfucttge of fee Laboia Fcrce in Ftfty -Three Countti^, OECD, 1969. 



quantify the impact of each of those factors. In this way, some light 
can be thrown on the possibilities and the limitations of an international 
comparison approach (based on census material} to the economic and 
manpower aspects of educational planning. Indeed the information avail- 
able makes it possible to indicate with a certain degree of precision to 
what extent international comparisons based on census data can be used 
mth a minimum of reliability, and to what extent their use could result 
in an error. Because of the indiscriminate way in which international 
comparisons are handled by manpower and educational planners (fre- 
quently due to lack of alternative data and/or techniques), the results 
of this study mil be of obvious Importance. Because of the mass of 
various types of data now available from the statistical document men- 
tioned above, ^ no exhaustive analysis of all the asp^ts covered by these 
data has been aimed at. The an^ysis presented in Parts Two, Three 
and Four of this Report should be considered rather as a ^ide to the 
intelligent use of the data. Indicating possible directions for further 
research as well as those which may prove to be dead ends. 

From the above descrlptionj it will be clear that the scope of this 
study, though Important, is rather narrowly defined. At the end of it, 
however, we shall slightly enlarge the subject and touch upon the, to 
our mind, false dichotomy between the manpower and the rate-of-return 
approaches to the economic objectives of educational planning. 

The structure of the study will be as follows : in the remainder of 
this flrrt part, we shall present an evaluation of previous work relevant 
to this study, followed by a general outline of our own analysis. 

Part Tv/o will be devoted to the factors which influence the occupa- 
tional structure of the labour force for the economy as a whole and for 
the various sectors of Industrial activity. Part Three will concentrate 
on changes in the educational profile of occupational categories, this 
time for the total labour force only. We sh^ test systematically rela- 
tionships between economic and non-economie in<^eators, on the one 
hand, and the educational profile of occupations, on the other. Part 
Four will contain a similar Malysls, but this time the educatLonal struc- 
ture of economic sectors vdU be related directly to the variables that 
are supposed to raElect the prevailing levels of economic and technolog- 
ical development. Here the analysis is possible again ^so in the sector 
avoiding the detour via the oecupaB.6nal structure. The analysis 
presented in these three parts wilL be conducted mainly with the aid of 
regression analysis tcehidques and by making use of the ma^dmum num- 
ber of observations available, with the aim of reaching conclusions which 
can be generalized . Conversely, in Part Five, a cert^n number of prob- 
lems which arose in the previous pairts will be exmnined in more de^h 
on a case-study basis, selecting those countries for which more detailed 
data are available. Finally, Part Six mil give the conclusions mid re- 
examine the whole problem of the economic objectives of education In 
the light of these conclusions. 



^ Sta^U^s ef die OccupaUonal and Educatloiial Sauctwe, op. eit. 
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evaluahon of previous work 



Let US examine several recent publications which concentrate on 
the manpower link between economic growth and education^ more 
clftcally, the studies whose purpose is to teat the t 3 rpe of relationships 
which will be dealt with in Parts Two, Three and Four of this Report. 

The publications in question are the foRowing: 

p, G. Layard and J, C, Saigal* ’^Educational and Oecupa= 
tional Characteristics of Manpower: an International Compa- 
rison”s British Jour nal of Industrie Relations ^ Vol. FV, July 
1966, 

2. M. A, Horowitz, M, Zymehnan, I.L. Herrnstaat, Man pow e r 
Reauirements for Planning : an International Com parison Ap- 
proach . Northeastern University, Boston, December 1966 

(2 volumes), * 

3 , The Educational Structure of the Labour Fo rce: a Statistic^ 
Analysis, Netherlands Economic Institute, Rottordam, March 
1966 (mimeogr, pub. No, 37/66), 

4 J. C. Scomlle, The Occupational Structure of Em plg5^aig|; 
1060-1980 , ILO, Geneva, August 1966 (mimeographed),^^ 

A certain number of preliminary OECD worldiig papers have also 
de^t with the s^e subject. They will be mentioned where momBs^ry 
in the course of this study. 

It was considered opportune to look at this subject In the light of 
production theory, and the first section will, therefore, be devoted to 
elucidating the type of production function which is explicit or implicit 
in manpower-educational planning, in general, Bnd in the above studies, 
in particular. Having set up tliis overall plan, we shall discuss in sub- 
sequent sections, mthln this framework, the malyses of the oeeupa- 
tional and educational structures of the labour force as presented in the 

^ Mr Zym^nan has produced other document using the same data: ffodugUviqfj^ SkUh 
and Educatioil In MaWachiriti ^ Industties . UNmO, May 1967 (resuleted), and The Relatf^dilp between 
ftoduetlvitv and th^ Fa^ma l Edueation <rf foe Labour I;oiee In Mannfasturi ng Induigies, C^t^ fa 
^ies in EdueaUOT and Development. Haivard University, prepared for UNDDO, Novemba 1967 
(Prellmtoary. mime^aphed), 

The original version <rf this paper was ^epared fa die "hits -Regional Seminar m Long -Tam 
Eemomic ftojeeflons fa the wocld ecwiomyi Seetotal Aspects". Mi. ScovlUe kindly smt ui the teviaed 
vaslon which is die one dlseu^id hae. 
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publications under review. The way in which problems of aggregation 
are handled In those documents will be dealt with in ±uuiex A. 



1. THE PRODUCTION FUNCTION 
AND MANPOWER FORECASTS 



With the exception of the document of the Netherlands Economic 
Institute, all the other studies mentioned above contalr at least a brief 
reference to production function analysis. Our purpoBB here is to sit- 
uate the manpower approach as a special case in the more general 
context of production studies. 

In most Btudies undertaken on the production function, capital and 
labour are considered as homogeneous factors of production. Whatever 
the complexity of more recently developed production functions, * this 
remains to a large extent true. One can therefore reduce the function 
tc its essential features and write: 

X = F (K, L) 



wliBrs X stands for output, K for capitsJ- und L for Inbour 
X = F (K, L, e) 

where e stands for "technical progress" or any other factor (such as edu 
cation) which is not captured in the quantification of K pid L. One 
might go one step further and distinguish explicitly various types of 
labour Inputs: 

X = F (K, Lp Lg, 

where (j = 1 . , . . n) stands for occupational categories. This then 
is a reco^tion of the fact that labour is not a homogeneous factor of 
production, but that it is composed of very different kinds of labour 
categories. The same reasoning could, of course, be applied to capi- 
tal. ** Another step would conslet in introducing also the educational 
profiles of each of the occupational categories distinguished; 

X = P CK, Lj(E.). ••• 

f 

where E-(i = 1 ”) stands for the various levels of educational 

attainmeht reached by the members of each of the occupational catego- 
ries. Equation (4) can, of course, be simplified by writing: 

X = F (K, E^, Eg, Ejj) (B) 



m See* fee exampls. Mwray Brown, On die Thea - y and M^mfement ^ Tachnolgglcal^angg. 

Carnteidgs Univ^siq? PreM, I960, i 

See, fa sample, IngvaE Svennilign, "feonomie Growfli and "eclinical Prop^, An easay 

In Sequence Analyst", <n Ae Residual Faottt and Ecenomte Growtti. OECD, 1964, 
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where El (i = 1 n) stands for the educational categories into 

which the labour force can be dwidedj it being clear that: 

E, + E„ + + E . - L. 



From the point ol view of educational planning, the traditional 
Cobta^Douglaa production function, even in its generalized form and 
even If it includes the residual factor as In (2) above, is not very inter- 
esting, although this does not, of course, diminish its importance for 
production theory in general. This observation also holds for those 
authors who have tried to introduce explicitly an educational input vari- 
able into the production function - in the form of a measure of education 
per worker, ^ In the best of cases (the last one), an undifferentiated 
measure is obtained of the average number of years of education em- 
bodied in the labour force. This, no doubt, is important in order to 
examine the impact of education in general on production, but it is not 
of much use in defining a strategy for educational development. This, 
therefore, leaves us with functions (3), (4) and (5) as defined above. 
Function (3) establishes a link between the occupational structure of the 
labour force and output, function (5) between the educational structure 
of the labour force and output, while function (4) constitutes the link be- 
tween the occupational structure and the educational structure of the la- 
bour force on one hand, and output on the other hand. This way of for- 
mulating the relationship between production and differentiated factor 
inputs lays heavy emphasis on substitution possibilities between the 
various factors of production, including "partial" substitution between 
the different skill categories. 

As already noted in Chapter I, the type of production function under- 
lying most of the work in manpower planning is of the limit ational or 
Leontief type: 



X = min. 


(K, 




^2' 


l-n* 


(6) 


X - min. 


(K, 


El' 




• , « • • E^) 


(7) 



This is the relationship used in input-output analysis and in most em- 
pirical planning vork for that matter. It excludes any substitution pos- 
sibilities and assumes complementary relationships between each of 
the factors of production, on the one hand, and production, on the other. 
The technical coefficients through which those complementarity relation- 
ships are defined and which are of interest for our purposes can be ex- 
pressed 



as follows: 






X min. 




(fl) 


X - min. 




(9) 


X - min. 




(10) 



^ See, fof example, Zvi GiiUehei, Expenditures, Education, and fte Ag^egate 

A^iculmtal Produetion Function", The Amaicaji Economie Revi^ , December 1964; also M, Brown 
and A.H. Conrad, "Ihe Urfluence r£ Research and EducaUcai on CES Rfoduction Relati^", in Murray 
Brown (edltcf). The Theccy and Empirifcal Analysis of ^oductigi. Studies in Income and Wealth, 
Volume 31, NBER, New York* 1967, 
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We have now introduced the symbols which will be used throughout 
this Report: L.(J = 1 n) stands for occupational category; 

L, ■ 1 . , . . , , n), for educational category; and Ljj^jfor the number 

of persons in occupation j who have attained educational level k. 



In the light of these few remarks, let us now turn to the kind of 
functions used by the authors of the papers under review. Before doing 
so, it should be made clear that Layard (No. 1) analyses the occupa- 
tional structure by economic sector, the educational structure by ®co- 
nomic sector, and educational profiles, within occupations for the whole 
economy and the total labour force. Horc ’vitz (No. 2) only deals mth 
the occupational structure by certain econumic factors. * The N hl 
study (No 3) Is concerned with the educational structure of the labour 
force, and Scoville (No. 4) deals with the occupational structure of the 
total labour force, 

Layard and Horowitis both start from functions (1) and (3) as pre- 
sented above. They both rewiute equation (3) in the following way: 



X/ L - F (K/ L, L^/L, Lg/Lj 



L„/U 



(3a) 



From here onwards Horowitz simply says**: "if we also assume that 
K/L is a function of the occupation distribution of L, then it follows 
that: 



X/L = F (L^/L, Lg/L, LjL)" 



(3b) 



Layard cm the other hand goes on to say; 



"The function as expressed in (3) and (3a) does not necessarily 
imolv that there Is a unique relationship between output and either the 
total labour force or its skill composition. The combination of inputs 
chosen to produce a particular output will depend on their relative 
prices, and any particular technique win only be chosen by countries 
having similar relative prices. But once a particular technique has 
been chosen, this choice will determine simultaneously t^ level of out- 
put per worker (X/L). the mnount of capital per worker (K/L), the 
nroportions of the labour force having each type of skill (L./L s). ii 



we make the further assumption that for any one X/L there is one and 
only one set of L./L* s and one K/L, we can set up demand equations 

for each of the factors of production. In which L./L and K/L are given 

as functions of X/L rather than the other way round, as In equation (3a) . 
These demand equations are what is needed for purposes of manpower 
forecasting". *** 



The meaning of the Horowitz equation could be described as follows. 
For a given level of productivity, the capital output is fixed and can 
therefore be dropped from the equation, but there are substitution 



* Zymelman 2 (NovembK 196'?) deat, wlA the educational lauetiae by certain ecaiomic 
inters. 

HefO¥fitE, Q p, p.32, 

*** Layard, op. eit. . p.825. 
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possibilities betvreen the various occupational categories* This would 
mean an explicit recognition of the fact that different occupational struc- 
tures are possible at the same level of output and productivity. The 
regression equation would give us the * 'optimal occupational structure* 
Ljayard, however^ works with the complementary assumption as soon 
as the level of technoloCT is fixed. In other words, both Horowitz and 
Layard^ agree that sub sfitution possibilities exist at given levels of out- 
put; Horowitz goes further and assumes that partial substitution (be- 
tween skill categories) is stiH possible at the same level of technology 
and productivity, whereas Layard assumes that there are fixed skill 
coefficients once the techniques are chosen and the level of productivity 
determined. 

The two other studies (NEI and Scoville) are implicitly based on 
the same assumption as that adopted by Layard* Scoville works with 
the following equation (we have cnanged his notation to the one used in 
this report): 

L./L = F (X/P, G. P) (11) 

where P stands for total population and G for the growth rate of national 
income. He also works with what Layard calls 'demand equations , 
and it is again assumed that at a given level of technology^ there is one 
and oi^y one occupational structure or, in his own words , * * that there 
should be regular, deHnable and predictable reiationships between the^^ 
structure of a nation’ s labour force and the level of per ca pita income . ^ 
Apart from per capita ineome (X/ P), two other factors have been added, 
the growth rate (G) is supposed to be a pro^^ variable for a number of 
growth factors affecting the demand for various oecupations, and total 
population (P) is supposed to reflect aeonomies or dis -economies of scale 
in the demand for various occupational groups. Whatever the merits 
or demerits of these explanatoi^ variables, the important point to keep 
in mind is that only on© factor of production is being considered ana 
that therefore, the basic feature of the approach is on© of complemen- 
tarity relationships once the levels of technology imd productivity are 
chosen* 

The NEI study adopts the mamB approach for educational categories 
and the relationships presented are of the foILoTOng type (using again 
our notation) 

hjv ^ F (X/P) (i2) 



Of the documents under review, one - through the form chosen for 
the equation - explicitly allows for partial substitution between the dif- 
ferent sklH categories of the labour force. The other three studies 
assume - implicitly or explicitly - that any choice of technolo^ Md 
productivity is linked with one, and only one, particular mix of stall 

^ SgovIII©, qp. cit. , p* 9. 

Fcr a Uieoretical diicussion on the choice of explanatcfy variahles, see NEI study, opj^eit* , 

pp. 23-27. 
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inputs. This has to be kept in mind when considering some of the re- 
sults at which these studies have arrived. 

2. ANALYSIS OF THE OCCUPATIONAL STRUCTURE 

As was indicated above, an examination of the relationship between 
the occupatlcnal structure of the labour force and indicators of econum- 
Ic and technologic^ developinent was carried out by Horowitzj Layard 
and Scoville, 



Horowitz 

The following equation was tegted; 

X/L - F (L^/L, Lg/L, Lg/Lj L^/L, Lg/L) (13) 

Where L^ . . . . Lg are respectively professional and technical workers 

administrators and maiiagerSi clerical workers; sales workers; and 
manual workers. The above relationship was tested for 21 branches of 
manufacturing as wen as for manufacturing as a whole. The maximuni 
number of observations (countries) amounted to 26 ”19 different coun- 
tries, 7 of which supplied the relevant information for two points In 
time." In fact, most of the regressions for the manufacturing branches 
were run with between 13 and 20 observations. This cross-section 
analysis relied maliRy on census data, which means that most figures 
refer to IP 60 or thereabouts, except for the 7 countries that al^o had 
this iMormatlon for a second point in time (around 1950), 

The stated objective of the authors is to test the hypothesis that ^ 

**the productivity of an industry is linked to a specific occupational dis- 
tribution of its labour force", ^ In order to do this, they fitted equation 
(13) with the aid of multiple regression analysis, both in linear and in 
log^Rnear form. The results of this rep-ession analysis are quite un- 
even, not oiJ-y as far as the multiple coefficients of determination 

(R~) are concerned, but also because of the fact that the regression 
coefficients for certain occupational categories are non-sipiificMt amd 
are for that reason not shown in the regression equations presented by 
Horowitz. In the great majority of cases (i* e. , for most manmac^r- 
ing branches), we are therefore left with two or three occupational cai- 
egories only. For example, for the total manufacturing sector, when 
adopting a linear relationshlp^the regression coefficients of L^, and 

L^ are significant; in the log-linear relationship, or^y and Lg re- 
main. 

Tbis is not the place to go into a detailed critic^ evaluation of this 
document. However, there is one aspect on which it is importmt to 
comment, because it is concerned with the problem of partial substitu- 
tability versus complementarity discussed previousl^^ in this chapter. 
This aspect is touched upon in the rather surprising How to do it your- 
self" Chapter V of the Horowitz document. There, the user of the data, 




^ Horowitz p op. cit . , p. 32. 
Idem , Tables 3 and 4, 



collected by Horowitz^ Is invited to make projections of the occupa- 
tlonal structure of the labour force H the following way. Suppose the 
economic forecasts for a given ecom ;nic sector have given a produc- 
tivity estimate lor a future date of $ 1, 000, one then looks up in the 
statistical tables presented in Volume II of the Horowits document the 
country (or countries) that has already reached this level of productiv- 
ity, If, as will happen frequently, one finds two or three countries 
with about the same productivity level in the selected sectorj the user 
is invited to adopt as OGCUpational structure the average value for each 
of the occupational categories observed in the reference countries. , . , 
This is not necessarily an unrealistic suggestion, but it does not differ 
from most current practice; moreover, one does not quite see how this 
recommendation is related to the an^ysis which preceded it. As al- 
ready mentioned, Horomt^ was the only one to introduce explicitly 
- through the form chosen for his equation - possibilities of partial sub- 
stitution, Even If he got a good fit, it would not be possible, therefore, 
to conclude that there is a unique relationship between skill distribution 
and the level of productivity, because even if the coefficient of deter- 
mination is high, this stiH leaves a large combination of skill percent- 
ages which will satisfy the fitted equation for any given productivity 
level. These partial substitution possibilities are not discussed in the 
document. It can be expected that these substitution possibilities be- 
come more important the more occupations are distinguished. Horowitz, 
after running his regressions at a very high level of aggregation (and 
obtaining very heterogeneous results), proposes on the basis of this 
evidence to deduce a much finer occupational structure (at the 2-dlgit 
level) according to the "how to do it yourself^' method. 



Layard 

This study, it will be remembered, chose to test a "demand type" 
equation of the foHovang Mnd; 

L./L ^ F (X/L) (14) 

In this manner each occupational categoiy in turn is made a function of 
labour productivity (output per worker). The analysis was carried out 
for the whole economy and in the eight one-di^t economic sectors. The 
occupational categories on which the analysis maird.y concentrated were 
ISCO major groups 0 (professional and technical workers), 1 (manage- 
rial workers), 2 (clerical workers), and 3 (sales workers). Combina- 
tions of these groups were also tested, such as major groups 0+1 and 
0 + 1 + 2 + 3 (total non-manu^ workers). The number of observations 
was around 20, and the timing of the various variables was again around 
1960 for the SMie reason as mentioned above. The regression equa- 
tions were tested in log-linear form after finding that function gave 
better results than the Hnear one. The results are again quite uneven. 
In certain economic sectors (for example, construction and transport), 
there does not seem to be any close relationship between the size of 
any of the occupational categories cited above and sectoral labour pro- 

2 

ductivity as measured by the coefficient of determination (R ), For the 
whole economy, there is quite a good relationship for major group 0 

(R^ s 0.83) with, at the other extreme, a low R^ for sales workers 
(0.25), In general, Layard noticed ’’that the sectors with poorer rela- 
tionsMpa are also on the whole the smaller sectors, 

^ Liyudj o p, cit ., p, 242. 



The conelusions which Layard draws from these results are much 
more prudent than those advanced by Horowitz, as he lays emphasis 
mainly on the necessity of additional research. 



Lastly, ScoviHe has undertaken an malogous kind of analysis with 
the aim of ’’projecting the distribution of employment among jobs of 
varying levels of social and economic status ^ It will be recalled that 
he also worked with a ’’demand” type equation, but that he identified 
three explanatory variables which he calls the economic determinants 
of the occupational structure”. TSee equation (11) above,! The analysis 
was undertaken for the whole economy only and included the mne major 
groupB of the International Standard Classification of Occupations 
(ISCO). ^ Given the high level of aggregation, Scovillo was able to col- 
lect data for about 40 countries. The functions adopted for the regres- 
sion equation were of the linear and the semi -logarithmic form. The 
results are summarized as follows. 

”For the set of eight equations (major groups 7/8 and 5 were pooled 
together) to be used for projection per capita, income is a sigmfi- 
cant explanatoiy variable in every case. Rate of growth of national 
output is significant o^y in determining the share of sales workers 
In the labour force, while economies of scale, as indicated by pop- 
ulation size, affect the proportion of service and transport-com- 
munications workers. The fact that the growth rate and population 
variables were significant in some of the r«ilationships not chosen 
for the projections suggests that the question of equation form has 
not been completely solved, 

The ro efficients of determination varied from 0.84 for major group 
0 (In semi -logarithmic form) to 0. 20 for sales workers using a linear 
relationship. For Scovllle, these results were eneourEging enough to 
go ahead and base the projection of the overall occupational structure 
(defined according to the nine categories mentioned above) of a certain 
number of redone on Imowledge of the future evolution of his explana- 
to^ variables. 

3. ANALYSIS OF THE EDUCATIONAL STRUCTURE 

Two of the four studies under review have related the education^ 
structure of the labour force directly to indicators of ecojiomlc and 
technological development without the detour of passing ^ the occupa- 
tional structure - the NEI study and Layard, 



The purpose of the NEI study was (i)» to present information on 
the structure of the labour force according to levels of education for as 
many countries as possible, and (ii), to undertake some analytical 

* Maid ffoups 0. I, 2 and 3 already cited above when dlicuiting Uy aid’s study, plus 4 (fatm«s 
flshameo, etc. ); 5 (mlnai, quanymen): 6 (wdkets In Bansport and communlcaacms)! 7/B (ctaftsmen, 
^oduction«proeess wdk^i); and 9 (SdVloe, ipdt and lecteation weekeil), 

ScoviUe, op, clt. , p, 19, 



Scovllle 



NEI 
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investigations of the statistic^ material, ^ The former gives rise to 
the presentation of the three possible methods in order to cope with the 
lack of information which is particularly acute when it comes to the 
educational structure of the labour force. These three methods are 
(i) the graduate accumulation approach; (ii) the combination method 
(i. e. , estimating the educational structure of the labour force from the 
occupational structure); and (lii) international comparisons (i. e, , es- 
timating the educational structure of country A from the educational 
structure of country B), The last two methodSj in particular, imply 
quite daring assumptions and shouldj of course^ only be used in the 
last resort where only very rough data are available. In this sense, 
the proposed methods are now to a certain ertent superseded by the 
availability of the statistical information published in gtati sties of the 
Occupational and Educational Structur e of the Labo ur Force in Fifty- 
Three Countries , 

More interesting for our purposes is the regression analysis car- 
ried out. It will be recalled that :he NEI study fits the following equa- 
tion: 



This relationship was tested, in log-linear form, on the level of 
the whole economy with from 9 to 27 observations, depending upon the 
educational category. The categories selected were: (i) third-level 
educated labour force; (ii) idem , but without third -level -educated 
teaching staff; (iii) scientists and en^neers; (iv) physicians; (v) ae- 
cc!;id'^level -educated labour force; (vl) Idem , but oid.y non-vocational. 

In general the correlation coefficients are low. However, some of the 
regression coefficients are rather interesting. For example, the coef- 
ficient of elasticity of the third -level educated labour force with respect 
to output per capita is 1, 05; for scientists and en^neers, it is 0, 95; 
for the total second-level-educated labour force, it is 0. 68, but for 
those with general secondaiy education, it mnounts to 1,41. 

The study presents an analogous analysis relating the enrolment 
ratios of the various educational levels and branches to output per capita. 
Furthermore, on the other sector level, a certain number of tables are 
presented for six countries showing educational input coefficientj as 
well as the educatlonEd structure. Of the four studies under review, 
this is the only one which introduces, next to the percentage distribu- 
tion of the labour force, the notion of labour coerficlants. Bach coef- 
ficient indicates the number of people with a certain educational attain- 
ment employed in a certain sector for the production by that sector of 
a million doHarg worth of value added. The symbol is: 



where i stands for the partieular economic sector. No systematic 
analysis of the changes observed in those coefficients was attempted, 
however, because of the small, number of observations. 



^ NEL ep. eit. , p, 1, 

This is, however, Ui eategccy fqf which only 9 efes^vatlons wse avsUable. 




( 12 ) 
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In this paper^ the following educational categories are diEtinfuiihed: 
(i) degree level or above; (ii) completed secondary schooling or above; 
(iii) matriculation level or above; (iv) complete middle level schooling 
or above; and (v) completed primary schooling or above. Further-^ 
more, a S 3 mthetic indicator is proposed for the average number of years 
of formal schooling embodied in the labour force through a calculation 
of the median and the mean years of schooUng of the labour forv^e in the 
whole economy and in the various economic sectors selected. The 
equations tested, again in log-linear form, were of the following type: 



Lj^/L == F (X/L) 


(15) 


M = P (X/L) 


(18) 




where M stands for the mean or median years of formed schooling em- 
bodied in the labour forces The number of observations available for 
the whole economy ranged from 14 to 24 (depending upon the educational 
category) with a mean of 19. For the individual one-digit economic sec- 
tors, the number of observations ranged from 8 to 14 with a mean of 11, 
The mining sector was excluded for want of data, and electricity was 
Included with manufacturing. 

The results are rather erratic; for the economy as a whole, the 
coefficients of determination are situated between 0.35 and 0,68 (the 
latter for the c a'*; a gory degree level or above"). The elasticity coef- 
ficients of the education^ categories with respect to output per worker 
are all inferior to unity with the exception of "matriculation level or 
above", for which it is 1.08. In the services sector, the results are 
rather similar, with the unexpected exeeption, however, that this time 

the for the category "completed primary schooling or above" is the 
best (0, 80); this educational category is also the only one to have an 
elasticity coefficient larger than unity (1.03). In the construction and 
transport sector, the fit is almost non- exist ant. In agriculture, manu- 
facturing (r'nclu^ng electi4eity) and eommeree, the fit is somewhat 
better. 

In the light of such limited and erratic evidence, the wisest thing 
to do is to fall in with the authors in refraining from drawing hard and 
fast conclusions. 






4. ANALYSIS OF THE EDUCATIONAL PROFILE 
OF OCCUPATIONAL CATEGORIES 

Of the authors under review, only Layard examined the educational 
structur© of various occupational categories. He adopted the SMfie edu*» 
cational categories and the same major occupational groups as those 
mentioned previously in this chapter. The equations were of the same 
type as those shown above wid were again tested in the log-'Hnear form. 



L,JL. = F 
3k' j 



(X/L) 

(X/L) 



(17) 

(IS) 



f * 4 ’ 
'N- ' 
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where L , stands for the number of persons with educational ievei k in 

- 

occupation j, and for the mean or the median years of formal 

schooling embodied in occupational category j. To give a concrete ex= 
ample: the hypothesis to be tested is that the proportion of persons 
withj say, a umversity degree in the occupational category manage- 
rial workers'^ for example, shows systematic changes relative to the 
evolution of output per worker* It should be pointed out that this anal- 
ysis could be carried out on the level of the whole economy only* It 
would, of course, be highly interesting to study these, or analogous, 
relationships on the sector level, but for tMs purpose, three-way tabu- 
lations are required: occupations by education and by economic sector* 
This type of information is rarely available and it is already quite an 
undertaldng assembling a sufficiently interesting number of cross -olas- 
sifications of occupation/ education on the global level* The number of 
observations available to Layard for this particular part of the an^ysle 
rEmged between 13 and 24 with a mean of 19. The results of the re- 
gression analysis were not exactly Inspiring* .AH coefflelents of deter- 
mination are very low (between 0.01 and 0.40), except for sales work- 

2 ■ 
ers, for which R s of between 0. 30 and 0. 57 were found * . * , This last 

- 2 

result is all the more surprising as the R s for clerical workers are 
very low indeed - falling between 0,01 and 0,25, 

This difference between clerical workers, on the one hand, and 
sales workers, on the other, is surprising, because it could be expected 
that it is precisely in those occupational categories with rather "loose'' 
educational requirements that the proposed relat kinship might have 
^ven relatively better results. This would be so b^^cause of "educa- 
tional supply relationships": the higher the level of economic develop- 
ment the more education is normally being made available. It can be 
assumed that in such cir cum stances the educational level of the ' loose 
occtipational categories will he up traded. However, as we have seen, 
the hypothesis breaks down when applied to Layard* s data* The occu- 
pational category "clerical workers^' is a typical case where the "edu- 
cational supply effect" can be expected to be important; nevertheless, 
the correlation coefficients for this group are the lowest of all. 

Once more, therefore, the anidysls Layard set out to undertake is 
inconclusive, and he can only point again to the necessity of additional 
research. 

5* CONCLUDmG REMARKS 

The on© important conclusion which can undoubtedly be drawn is 
that the analyses briefly presented here are aU inconclusive. The rea- 
sons for this are not hard to find. 

There is, first of aH, the problem of collecting a sufficient and re- 
liable number of observations. This is a general problem in the four 
studies under review (lass so for Scoville), and it is partictilarly acute 
in the case of the NEI study. 

Second, there is the question of the variable(s) chosen to reflect 
overaH or seetorid levels of economic and technolopoH development 
reached. ALL studies have adopted totH or sector labour productivity 










(or per capita income) for that purpose. Only Scoville has added two 
additional explanatory variables, namely gro^^h rate of GNP and total 
popriLation, the explanatory power of which were, however, in general 
very low. 

Third there is the problem of disaggregation. It is probably fair 
to say that none of the four studies contained a sufficient level of disag^ 
gregation, as far as the occupational structure is concerned, to test 
whether certain more narrowly defined occupational groups had consis- 
tently a better or wor. e correlation with the independent variable(s) 
than the broad oeeupatlonal categories. 

Fourth, no systematic effort was made to distinguish between sat- 
isfactory, less satisfactory send bad relationships. In other wordSj It 
would have been interesting to show for which occupations and in what 
economic sectors the explanatosy power of the Independent variable! s) 
was good or bad^ and what the reasons for this coul d be. Layard goes 
a certain way in this direction. At the other extreme, we find Horowitz 
who draws a general conclusion from very erratiG evidence. 

This leads us to the more general point of the purposes of those 
studies. As more or less es^lioitly set out by the authors themselves, 
their prime objective was to find relationships which could be instru- 
mental in forecasting the occupational and/or educational stinicture of 
the labour force, TMs may explain why so much confidence was placed 
in the productivity variable. It remains true, however, that relatively 
little effort has gone Into a careful analysis of why the observed occu- 
pational and educational structures are as they are. We are thinkingj 
in particular, of the substitution possibilities mentioned above. It is 
interesting to note that none of these studies has gone into the problem 
of whether the same umt of output, usin g analog ous technig ueSj ean be 
produced with different sMU mixes. It is therefore, doubtful whether 
the authors have been able to get the most out of their data. 

Moreover, the statistical teohm^ues used are not always explicitly 
justfied; nor is the degree of confidence one can have in the results to 
meet the authors* objectivei clearly speUed out. 

We shall now ^ve an outline of the ration^e of our own analysis, 
and intend then to come back to some of the points raised here. 
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GENERAL PRESENTATION OF THE STUDY 



The bulk of the analysis undertalcen in the present study is devoted 
to an attempt to explain changes in the occupational and educational 
structures of the labour force as observed in the various countries 
under review. * In trying to explain the observed situation, explanatoiy 
variables which are themselves extremely difficult, if not impossible, 
to forecast, have frequently been brought in, A diatlnctioii should, 
therefore, be made between the attempt to explain the observed situa- 
tion, and the usefulness of the relationships establiBhed for forecasting 
purposes. 

Here we shall, first, present the types of relationship selected for 
this study; we shall then proceed to discuss in general terms some 
difficulties of a theoretical and statistical nature inherent in investiga- 
tions of this kind. 



1. TYPES OF RELATIONSHIP EXAMINED 

We shall deal successively with the occupEtional structure, the 
educational profile of occupational categories andj lastly ^ the educa= 
tional struciare of the labour force. 

i) The occupational structure 

In the first instance, the type of relationship examined Is of the 
following general form: 

Lj/L = F (n) (3. 



The dependent variable is. therefore, the percentage of a ^ven 
occupation j in the whole economy or in a sector of economic activity; 
n stands for any of the explanatory variables selected to reflect levels 
of economic and technological development, again both on, the level of 
the economy as a whole and of the sector. In the following parts of 
this study, this variable n will take the form of output per worker jX/L 
of gross capital formation per workei' (EI/L), of a non-monetarj'' inv- 
entor of the level of economic development (In), of energy consumption 

* For a listing of the countries used in the diffatm parts <rf the analysis, see Appendix 1. 
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per worker (En/L), etc. More specific sector indicators, such as the 
number of tractors in use in agriculture, will also be introduced when 
it is felt that a more thorough analysis in certain economic sectors is 
called foi . The variable n should reflect as much as possible the (Af- 
ferent factors that determine the economic and technolo^cal "require- 
m nts" for tlie various occupational categories. 

Next to the occupational percentage distribution, an attempt is also 
made to analyse the different values observed in the occupational coef- 
ficients : Lj/X instead of Lj/L. The rationale of this approach will be 
set out later in this study. 

ii) Occupation/Education RelationsMps 

A pattern of analysis analogous to the one outlined above has also 
been adopted for the investigation of the differences observed In the edu- 
cational profiles of occupational categories. The first general type of 
relationship tested is: 



The number of persons with an educational level k in occupation j, 
expressed as a percentage of the total number of persons in occupation 
j, is made a function of the same kind of explanatory variables as men- 
tioned above. The second type of relationship examined Is: 



This time, the number of persons with educational level k in occu- 
pation i is expressed as a proportion of the total labour force. The first 
relationship (3, 2) foUows the so-called manpower approach, which - in 
its methodological chain - first, forecasts the occupational structure 
and, then, translates each of the occupational categories into educational 
equivalents. The second (3. 3) can best be considered as a ''weighted'' 
occupational category. This less sensitive ratio (as compared to Ljk/Lij), 
while giving the same Information as (3,2), will also serve to test the 
hypothesis that when only certain educational categories within the occu- 
pational groups are taken into account, measurement errors will tend to 
diminish and the chance of obtaining better relationships wlU consequently 
Improve, 

Next to the above types of "demmid" equations, an attempt will also 
be made to examine whether the educational supply pattern can, to any 
extent, add to the explanation of the observed ifferences in educational 
profiles of the occupational categories. This Is done by introducing the 
total stock of people in the labour force with a level education (k) which 
normally corresponds to the occupational categoiy in question. This 
variable (Lk/L) will be examined alone and in combination with the eco- 
nomic and technological Indicators (n); 



Ljk/ Lj = F (n) 



(3.2) 



Ljk/L = F (n) 



(3. 3) 



or 




= F (Lk/L) 



(3. 4) 



Ljk/Lj 



[n, Lk/L) 



{3.5) 



or 




Much more detailed information about the rationale of the above 
approach mil be given in Part Three of this study. 

Analysis of tne occupation/ education relationships is posBible at 
the level of the whole economy only, although in Part Five we shall 
attempt to go into more depth on a case-study basis. 

iil) The Educational Structure 

The educational structure of the labour force will be related direct- 
ly to a certain number of economic and technological indicators through 
the following equation: 

Lk/L' ^ F (n) (3. 6) 



In the light of the description pven auove, these relationships do not 
need further explanation. This analysis will be feasible for the whole 
economy and for certain economic sectors. 



In terms of the theoretical framework set up In the beginning of 
Chapter IL it will be clear that the present analyBls starts from the 
basic assumption of fixed oceupatlonal and edueatlonal coefficients at 
given levels of economic and technolo^cal development. We want to 
stress, however, that it is precisely one of the main aims of this study 
to verify the validity of this assumption. In order to do so, graphic 
analysis of the above types of relationship - together, of course, with 
an exiunination of the eor relation coefficients and, particularly, of the 
standard deviations of the regression coefficients - will prove to be 
useful, because it vdil allow us to see whether there exists an important 
spread of the occupation^ and educational coefficients at analogous 
levels of development. 'Whenever the latter is the case, this may suggest 
the esdstence of substitution possibilities. 



2. REMmDER OF SOME DIFFICULTIES 

There are a certain number of theoretical and stati Stic aT problems 
which, though wen known, are worth recalling before we enter into the 
analysis of the available data. These remarks apply both to the studies 
reviewed in Chapter II and to our own Mi^ysls. 

i) The Identification Problem 



During a conference on the theoiy of production, one of the 
participants said in despair to the orgamsersi "You should go into a 



resoectable field, like astrology". * Many problems with which m^- 
pownr planning analysts have to cope reflect to a large extent the s. ate 
If production theory In general. Although there is no need to be defen- 
sive about the kind of relationships exposed above, one should recog- 
nize that they are largely ad tioc relationships. 

As has already been stressed in other OECD docunaents, the 
evol^ion of the edLational stock in the labour force is the ^es^t of 
the interaction of demand and supply effects and a basic wetness of 
the usual manpower planiung methodology is its focus on what 
called the demand effects to the exclusion of the N^tnub- 

of the studies reviewed in. Chapter II - with the exception of t vf „ 

flcSfon - have mentioned exp.Ucltly this simultaneity problem, nor have 
they taken care to point out in the analysis that their single equation le- 
iSonSlps may ImpUcitly be reduced forma of more general simulta- 
neous relationships (and therefore face the problem of i^e^ence 
the coefficients of the reduced form to the coefficients of the structural 

l.e., the problem of identification). 

It is the awareness of this identification problem that has led us to 
introduce equations (3. 4) and (3. 5) above. ^ ^ 

also ad hoc relationships but, faced with an admitted mabi_ ty p^ _ 
to derive from the theory an adequate specification of the set of 
tural equations, all one can do in the process of the analymB is to ask 
the que^ion: is the proposed relationship a demand function, a supp y 
function, a reduced form, or a mixture of all those , 

ii) Statistical Techniques 

The investigations carried out in Parts Two, Three Four make 
extensive use of simple and multiple regression analysis techniques. 
These techniqueB are particularly appropriate to shed light on our prob- 
iem wMch il to test 4ether significant and systematic relatioi^hips 
hold between changes in the occupational and educational structures of^ 
the labour force, on the one hand, and changes in the level of economic 
and social dev 0 lopm©ntj on the other. 

The form of the regresBlon equation will be the double logarithmic 
(or loB-llnear) one. This decision was taken ^ter the examination of 
a considerable number of graphic representations Md al^ after e^ - 
Iments with a number of other functions. Some of these Pre- 

sented in Part Two. The double -log form finally retained mplies, of 
coSlre, constant coefficients of elasticity which, when used over long 
tirna oeriods, pose problems of consistency. It should, therefore, e 
kept in mind that the regression (elasticity) coefficients presented in 
th' s study are vaHd only between the extreme limits of the values of 
the eSatory variables; beyond those values, great care is required 
in their interpretation. 

As the title of the present study indicates, the analpis wiU be under- 
taken on a cross-section basis. In those cases where the results of 
calculations seem to be useful for forecasting purposes, we are thrown 

back to the controversy about the validity of cross-section estimatei 

# See Murray Brown (ed.), The Thecw , and JrnpMSaLailtf P^ Productio n. New York. 

X967, p. 8. 

^ Foi example, A Technical Evaluation, op. cit. 
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in time-series applications* This problem is far from being new and 
the international literature has devoted a good deal of attention to it, ^ 
The results of these comparisons are always the same: the parameters 
In the ease of time -series analysis are different, and often substantially 
so, from those which use crosa-aection material. One of the reasons 
for this difference is undoubtedly that the application of the method of 
least squares is frequently pure convention and without theoretical foun- 
dation. It is well known that two of the conditions for the method of 
least squares to result in an estimate of the greatest likelihood are that 
random deviations be Independent and tiat their distribution be normal. 
The first condition is rarely fulfilled in time-series analysis: deviations 
in economic time- series are not l?idependent, as a rule. The second 
condition is rarely fulfilled when using cross-section material with 
countries as the unit of observation; it does, however, allow us to es- 
cape much more from the problem of collinearity which obscures time- 
series relationships. 

The conclusion must be that. In the absence of a sufficient number 
of time-series, the results presented in the following pages should be 
regarded, first of all, as an elucidation of the observed situation. The 
parameters must not be used mechamcally for forecasting purposes 
within a given country. The specific situation of the country will have 
to be carefully evaluated. The parameters determined mth the aid of 
international evidence will be only one of the elements to be used in 
such an evaluation. 



^ The weU-knawn article by H, G, Chen^, ’’Patteni of induittial pewlh", AIR, September 
1960, fcf example, was based on cE^-section evidence. The paiaTaeters determined In diis way have 
been much ciilicisid when compared with time^SMies evidence see, M, D, Steuef and C, V<^vodas, 
”Impcrt Substitution and Chenery's Patterns of toduitrtal Grow*", Ecgiomle internationaje , rebruary 
1965. Many other examplei can be found In Mufray Brown (ed, ), The Theay and Empirtcal Analysis 
of Production, o p. clt. 
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Part T'wo 

OCCQPATIONAL STHUCTURES 
AND ECONOMIC DEVELOPMENT 



In thig Parti attention will be focused mainly on 
the relationship (3. 1): Lj/L - F (n). This relation- 
ship has been tested foi’ the whole economy^ for the 
eight one -digit sectors of economic activity^ and for 
certain manufacturing branches (at the two-dirit level 
of ISIC). The unit of observation Is the country: in 
other wordSj the occupattony. categories will be ana- 
lysed for one economic sector at a time across the 
countries for which observations on Lj and n are 
available. 

The presentation of tlie analysis win be as fol- 
lows. In Chapter the dependent and independent 
variables used in the analysis will be presented. 
Chapter V will be concerned with the results of the 
simple regression anaiysiSi which will represent the 
bulk of this Pai‘t of the study. Chapter VI will deal 
with a series of supplementary calculations, such as 
multiple regression analyses, the correction for 
"deviant cases", functions with variable elasticity, 
etc, , and Chapter VII vdll draw the conclusions from 
the analysis. 
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IV 



PRESENTATJlON of the variables 



The dependent variables (occupational Lategoriee - the Lj- s) which 
will be used throughout the following analysis are^: 0^ professional and 
technical workers; 1, executive and managerial personneli 2^ clerical 
workers; 3^ sales workers; 0-0^ engineers, architects and surveyors; 
0-1, chemists, physicists, etc, ; 0-2, agronomists, biologists; 0-X, 
draughtsmen, and science and en^neering technicians; 1*1, directors, 
managers and working proprietors; 0-02, engineers alone. 

Moreover, at the level of the major occupational groups, 0+1 
together have also been tested, called here the HLM (high-level man- 
power) category, as well as 0+1+2 + 3 (the '*non-manual workers). 

At the level of the minor groups, 0-0, 0-1, 0-2 and 0-X have been 
grouped into an STP (scientific and teehnieai personnel) category. The 
above categories have been analyaed in all the economic sectors under 
review. On certain oocasions, other occupational groups will make ^ 
appearance; these will be explained at the appropriate moment. 

The different explanatory variables (n) which have been used most 
of the time throughout the economic sectors are: output per worker 
(X/L for the whole Economy; Xi/Li for the various sectors of economic 
activity) or GDP per capita (X/P) for services; a ’’non- monetary" indi- 
cator of development (In); energy consumption per capita (En/P); 
gross capital formation per worker over a period of seven to eight years 
preceding the census year (HL/); and the sector share of employment 
in the various economic sectors (Li/L), Let us comment on each of 
these variables. 

The reason for selecting a series of variables stems from our main 
concern to find an appropriate indicator of technology, i, e, , one reflect- 
ing the economic result of a state of knowledge as embodied in the fac- 
tors of production and their combination. The traditional Indicator 
adopted in the so-called manpower approach and in previous studies of 




^ The codes preceding tiie occupational categories refer to those used the maj® poups, 
the minor poupi and die unit poups in ISCO ■= Intsnational Standard ClasiificatiOT of Occupations, 
ILO, Geneva, liSS, In the following pages, we shall sometlraes only refer to iheie codes, witfiout 
always repeating the fuU name die occupatiKial category* 

The indeK used here is the fflie published by D, H, Niewiaroiki, ’The Level of Living of 
Nationsi Meaning and Measurement'', In Estadl$tica > Interamaican Stattetical Institute, Washinpon, 
March 1965. Fcff a critical review, see W, Beckerman, I nternatl^al C^ ipaisons of Real Bieomes, 
OECD, 1966, p, 22, 




this kind (see Chapter II) has been output per man and per year (X/L). 
Clearly, this is but a convenient short form of a complex indicator re- 
flecting the contribution to production of all factors of prodaetion. j.h 
denominator L is not measured with any precision, since it neglects 
inter-country differences in h urs worked. As to the numerator avail- 
able national account statistics* do not always give standardized data. 
Thus, for countries like Israel, South Africa, Syr a, Japan and Chile, 
only net value added figures are given: for the socialist countries, net 
material product is of course presented. Multiple adjustments have 
thus been madP. the details of which appear in the tables in the Aimex 
to this volume, A serious and usual difficulty with this indicator is the 
exchange rate problem. Ml production data have been converted into 
United States dollars by using the official exchangg. I'a't® fo*" y®®*" 
question. 

This straightforward "solution" was preferred to experimenting 
with parity rates, for example. We turned In another direction by 
searSiing for (i) a composite index reflecting the diffpent productive 

each counti^ weighted in physical ^primarily m vie^ 

of the analysis at the level of the whole economy), and (ii) more sector- 
fpSlfl“SSical indicators. Non-monatary indicators of the first type 
arSrof c^rse. hard to find, particularly in the light of the large number 
of countries covered by our analysis. At least two of these indicate . 
however, are available: they can be found in the already quoted Publi- 
cations by D. H. Nle-vriaroskl and W. Beckerman, respectively. In this 
study, we have used primarily the first one (In). 

Niewiaroskl actually constructed three indices: one . ,m 

predominently economic variables; a second referred to as the sociM 
index, and a combination of the two. The object of this approac 
avoid the purchasing power problem, and its fundaments postulate is 
that well-being is reflected by certain key items in a nation s economy, 
"By selecting appropriate items and giving them suitable weights* an 
index can be constructed that provides a direct i^®asure of 
Since the items chosen are expressed in physical quantities rather than 
money values, conversion at dubious exchange rates is unnece^sa^ 
and the troublesome purchasing power problem is avoided . The has _c 
items selected by NlewlaroBkl for the construction of the economic index 
are the following: (i) the proportion of the labour force engaged in non- 
avricultural activities; (ii) number of telephones p.er_capita. (ii ■) ®a 
ersy consumption per ca pita; (Iv) steel consum^ion per c aRil&s 
(v) cement production per ca pita: (vi) motor veh ’ clee p^r ca. pj^, 

(vll) per capita flbre consumption; (viii) proiwrtion of protein in die,, 
and (ixF the (doUar) value on exports per cap^. 

The "social" index Includes selected itum& of social services, in- 
formation flows and school standards. It wiU be briefly depribed with 
regard to the analysis of the occupational structure of services for which 
it has been used. 

It is of obvious interest to include these non-monetaiy indicators 
in the wialysis in order to examine how their influence compares wi^ 
that of the productivity variable (X/L), not only because of the diSLi_ ^ing 
role played by the exchange rate problem, but also because In may be 

^ Out principal lauce has been the successive UN Yearbooks of National Accounts (1961 -196S). 

Whae differences showed up from one edition to anodiet, the 1985 edition was used. 
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a more comprehenglve synthetic measure of the level of economic and 
technological development. Clearly, for forecasting purposes the In 
is useless, and from that point of view one can, therefore, only 
hope that X/L will turn out to be at least as important as explanatory 
variable as In, 

As pointed out above, a number of other non-monetary Indicatorii 
of technological or econoniic development have been utilised in the global 
or sector analyses. Some of them are, in fact, component parts of the 
non-monetary indicator just mentioned* The global energy consumption 
(converted into kg, of coal equivalent)'^ per capita (En/P) is frequently 
used to represent technology* In so far as it relates the use of all 
sources of energy to the tot^ population it also g^ves an idea of the 
gener^ level of living (as symbolized by the used of electric light, 
heating, public transport, etc.). 

Ideally, we would also have liked to introduce the capital stock as 
one of the explanatory variables. As can easily be understood, reliable 
figures on the capital stock for 40 to 50 countries are Impossible to find, 
especially by sector of economic activity. We decided, therefore, to 
take as a pro 3 ^ variable the sum of gross capital formation covering 
the seven years preceding the census year (Sl/L#), The period of seven 
years is of course a rather arbitrary choice, but j sufficiently long 
to cancel out cyclical movements and represents, moreover, an absolute 
amount important enough to have repercussions on the occupational and 
educational structures of the labour force, 

A variable reflecting the sectoral distribution of the labour force 
(Lil/L) has also been included in the analysis, primarily as a scale in- 
dicator of the respective economic sectors. 

Lastly, a certain number of more sector specific, physical indi- 
cators of technolo^ were selected, such as fertilizer consumption, 
tractors per worker (in agriculture), cement production per capita 
(construction), commercial vehicles per worker (transport), etc. The 
reason for including such types of variables is the same as that pven 
for En/P above* 



^ See Wotld Ener g y Sup phes. UNO, 1959*1962* fee the convarslOT key applied, p, 67, 

The iiiting ef obsOTationi uied, both for the dependent as weU as fci the ind^endent val* 
ablei, oan ba found hi Annex F, 
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V 



RESULTS OF THE aMPLE REGRESaON ANALYSES 



The equation which is being used at this stage of the analysis is of 
the follomng general form: 



log (Lj/L) 


= log a + b log (n) 


(6. 1) 


log (Lij/Ll) 


= log a + b log (n) 


(6.2) 



where i stands for the eight main sectors of economic activity as indi- 
cated in Tables II-2 to II«9 respectively [equation (6. 1) refers to the 
whole economy^ see Table 11-11; j stands successively for the occu- 
pational categories enumerated in Chapter IV above and which can be 
found at the left-hand column of the tables; and n for the various ex- 
planatory variables X/L, In, En/P, Sl/L^ etc. The explanatory vari- 
ables have also been presented above aind can be found horizontally in 
the top row of the tables. All tables are presented in a standard manner 
and indicate each time the number of observationi (N), the correlation 
coefficient (R), the constant (log a)^ and the regression coefficient (b) 
with its standard deviation (ob) in bracl 3ts. 

We shall de^ successively mth: the whole economy; manufacturing; 
ser^dees; agriculture; mimng; construction; electricity, gas and water; 
transport and communications; and commerce. 



1. THE WHOLE ECONOMY 



Table II- 1 presents the results of the simple regression analyses. 
Looking, first, at the correlation coefficients (R), it is clear that the 
best overall results are obtained with the productivity variable (X/L), 
although the Rs obtained with the other explanatory variables (In, En/P 
and £l/L) are quite respectable. Thus, the correlation coefficients be- 
tween occupation categories and X/L on the one hand, and In on the 
other, can be considered for all intents and purposes as equal. It may, 
therefore, be concluded (also in the light of the b coefficients aM their 
standard deviations) that avoiding the exchange rate and purchasing 
power problem through the introduction of a non-moneta,y index of de- 
velopment has not resulted in a better fit and additional e^lanatory 
power. This in important for those interested, above all, in manpower 
forecasting; although the future development of labour productivity is 
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NOTE: 'tiQi 'icliillisi. table m.wll as li^ (1 



not easy to predict. In is, of course, almost impossible to forecast. 
Attention irrust also be drawn to the excellent performance* of the energy 
variable (En/P) with respect to the minor groups and| in particular, 
to the STP category. It also becomes clear that sales workers (m. g, 3) 
arc in no way related to any of the explanatory variables selected. 

This problem will be taken up again in the next section vdiere a 
possible explanation of this ‘’catstanding" result will be advanced. 
Interestingly enough, the R’s f u- the minor group 0-0 and for the even 
more narrowly defined unit group 0-02 (engineers) are also quite high: 

0. 87 and 0. 85, respectively, with X/L; 0. 87 in both cases with En/"P, 
The STP group as a whole has a correlation coefficient betv.een 0. 7 9 
and 0. 86 with X/L and En/P respectively, which is not unsatisfactory. 

It has to be borne in mind, however, that the number of observations 
available for the minors occupational groups is less than for the 
major groups. 

A comparison of the R'sforthe various minor groups shows that 
the technician* e category (Q-X) is^ together mth minor group 0-2, sys = 
tematica^ly at the bottom of the list as far as the results of the calcula- 
tions are concerned. It could be expected a priori that for this hetero- 
geneous category the danger of errors of definition and classification 
might be particularly great, especially as definitions may vary from 
country to countiy. It is for this reason that we have Included the spe- 
cial occupational category 0-0 + 0-X, 1. e. engineering personnel to- 
gether mth technicians. The results, when combining these two cate- 
gorieSj show an important improvement as compared to 0-X alone, and 
in one case even as compared to 0-0 alone (1, e, , with EI/L as the ex- 
planatory variable). This tends to confirm the hypotldcsls regarding the 
distorting effect of the classification and definition problem. 

For the problems under examination in this Part of the study, the 
r gression coefficients (theb*sj and their standard deviations are meae 
important than the correlation coefficients. Given the log-linear fur 
tion adopted, these b*s are of course readily interpretable elasticity 
coefficients of the Lj/L*s with respect to the different explanatory vari= 
ables. Starting again vdth the major groups, the striking aspect is the 
higher b= coefficient for the managerial group (m. g. 1) as compared to 
all the other major groups. In Cither words, with rising levels of devel* 
opment, the managerl^ category’ would have a tendency to increase re- 
latively faster than the other major groups, including the professional 
and techiac^ workers. A glance at Graph II -2 could suggest that this 
high elasAcity mig ht be due to a few ’'suspicious" countries. This 
problem cf "deviant cases" will be dealt with in the next chapter. All 
the b ooefiiolents of the major groups are statlsticall.y significant (in 
many cases, the standard deviations are even quite small), except the 
one for sales workers (m. g. 3), which decidedly is our "bite noire". 

An examination of the b eoefflclents of the minor groups indicates 
that, on the whole, the STP categories have Mghw elasticities than the 
major groups, including the managers and a fortiori the entire profes- 
sional and technical personnel categoiy of which those STP occupations 
are a part. This is, in particular, the case for the enginearing cate- 
gories (0-0 and 0-02) and for the combined engineers md technicians 
group (0-0 + 0-X), This evidence would thus apparently lend support 
to the often proclaimed hypothesis that the scientific and technical per- 
sonnel has to grow faster than the other HLM categories, and also faster 
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Graph II -4 

WHOLE ECONOMY: PROFESSiONAL AND TECHNICAL WORKERS fL|/L) 
AND GROSS CAPITAL FORMATION PER WORKER Cxi/L) 
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WHOLE ECONOMY; ARCHITECTS, ENGINEERS Ai.j SURVEYORS (Lj/L) 
AND NON-MONETARY INDEX m 
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than the profeBsional and tschnical personnelj as devslopment proceeds^ 
However, a note of caution is need'^'H^ Not only is the number of obser = 
vations different, but the standard deviations attached to the b coeffi- 
cients of the minor groups are much more important than for the major 
groups, so that careful interpretation is required. All this indicates 
that one can expect to find greatly different v^ues for the occupational 
categories witMii the same "development range; this may, in return, sug- 
gest the existence of substitution possibilities ae between various occu- 
pntional groups. 

In order to push the examination a little further along these lines, 
we have presented five of the relationships in graphic form (Graphs II-l 
to II“5). Graphs II-l and TI-4 show m, g, 0 in relation to X/L and 
respectively. Tabic II- 1 tells us that in both cases the correlation coef- 
ficients are very high (0* 91 an.d 0, 92, respectively) and the standard, 
deviations of the regression coefficients quite low, A look at the two 
graphs clearly indicates that, even with such results, the value of the 
occupational percentage can vary substantially within a rather narrowly 
defined range of the explanatory variable. This is, for example, par- 
ticularly striking in Graph II- 1 at around the 700 dollar level of output 
per worker. But at higher level of development, one can also notice 
clusters of countries vdth varyii. percentage values for their profes- 
sional and technical workers category. These suggestions as to the 
importance of supply effects leading to substitution possibilities are, of 
course, even stronger in Graphs II-2, II- 3 and II-5; aH of these are 
depleting cases where the correlation coefficients are lower and the 
stemdard deviations higher than In the above two eases. Attention has 
to be drawn agailn to the quite considerable spread of the oeeupational 
values at the 600-700 dollar level of output per worker. 

It must be said at once that other factors than supply effects can 
be responsible for tlie observed j .cuation, e, g, , measurement errors 
due to problems of classification and definition, exchange rate problems, 
capacity utilization, cyclical movements, etc. However, the fact that 
certain spreads are quite important, and that they persist whatever e::= 
planatory variable is used, strengthens the ease for substitution possi- 
bilities. 



Table 11 = 2 shows the outcome of the simple regression equations 
for manufacturing. It will be noted that, in general, the correlation 
coefficients are Tower in this case than in those found at the level of the 
whole economy. There are two striking features; first, this time the 
sales workers are rather well correlated with the explanatory variables, 
particularly with X/L and In, at least as compared with the situation at 
the level for the whole economy; this occupational group appears to be 
better and more narrowly defined In this economic sector and appears 
to play an important role in the production process of the manufacturing 
industries. The share of this t^^e of labour which can be found in man- 
ufacturing is, however, small, the being employed in commerce. 

It is Icirgely this fact - and the definitional problem of sales workers in 
commerce and services - that makes for the low and statistically 



2. MANUFACTURING INDUSTRIES 
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non- significant correlation found for the whole economy. • The second 
feature is that the non-monetary indicator (In) is correlated with the 
major groups and with the engineering categories as v/ell as or even 
better than is output per worker. It is Important to underline the fact 
thats whereas the technologistB (0-0 and 0-02) do show a definite ?,nd 
siciiflcant relationship with economic and teehnolo^cal development 
levels in this sector, this Is not at all the case with the so -c bulled pui e 
scientists (minor group 0*-l), Moving down towards the sectoi lev^^ 
does not improve the fit between the technicians' category and the ex- 
planatory variables, on the contrary, Combimng 0-0 and 0-X y-veB, 
this time, significantly worse results than those obtained with 0-0 above. 
When comparing the outcome of the calculations for manufacturing with 
those for the whole economy, the difference in the number of observa- 
tions will have to be borne In mind. 



Contrary to what we saw for the whole economy, the b coefficients 
in manufacturing are much higher for the professional and techmc^ 
workers (m. g. 0) than for any other major group. It is exactly umty 
with respect to the productivity variable, i. e. a one per cent change in 
Xm 'Lm will tend to be accompanied by a one per cent change in the 
proportion of professional EUid technical workers in the sector, almost 
t^ciTiTluch as the c^iange in the proportion of J * 

This result Is intuitively acceptable if it is rainembered that, acco d 
ing to ISCO, worlting proprieiors are included in the managerial 
gory, and that they tend to decrease in numbers with a rise the level 
of economic development and the consequent growth of industrial con- 
centration. In general, however, the standard deviations of i ]e regres= 
sion coefficients are higher than for the whole economy; thiB is pa^ic- 
ularly striking for t.ia minor groups, where the regression equatio ns 
cannot be used for forecasting purposes. 



The above considerations indicate the importrnice of some com- 
plementary graphical analysis. Tins has been done - each time in re- 
lation to eector productivity - for major group 0# 

minor group 0-0, and unit-group 0-02, The resets are ahevm in Grap _s 
11^6 to II- 9. They have in common the seune striking feature: at ^ven 
levels of sector productivity, the values of the occupation^ percentages 
may vary within a quite considerable range and, conversely, countries 
with a given value for their occupation^ percentage are found at quite 
different levels of sector productivity. 

This ^horizontal" and "vertie^" evidence of substitution possibili- 
ties is perfectly well illustrated in Graph II*6, which depicts the rela- 
tionship between professional and technical workers, on the one h^d, 
S se^or producti^^^^ on the other. A glance at Table 11^2 reminds 
ue that the result of the regression m^ysis was 

for the other three relationships depicted in Graphs II-7 to II -B, wth a 
correlation coeffleient of 0.80, a regression coefficient oi l.OO, and 



^ The c chelation coeffieient in eoramejree - auticlpaitog a little cki the analysis of this seetcy - 

between sales and seetaF^uctIv*r/^ *0.52. and Is significant at tiie 6% level. With rising 

levels dev^pment. the numb^ of sales workers in commeEce diminMies, which Is a coniequence of 
the sowing coneenration of retail trade. The pattern is, howevs, very heterogeneous aeroi ^ountrles, 
and It is no doubt because of the large ^opoftlon ^ shop -keepers (and street venders In developing coun- 
ties) in the total numb^ t/ sales wcfkers that the results f<x the whole economy - as reviewed In the 
previous section - are what Uiey are. 



Table II- 2. MANUFACTURIMG; REGRESSIOPJ EQUATIONS BETWEEN 
OCCtTPATIO'NAL STRUCTirRE ^LiJ/Li) AND ETONOMIC INDICATORS (n) 




Graph II ^6 

MANUFACTURING: PROFESSIONAL AND TECHNICAL WORKERS (Lij/Li) 
AND SECTOR OUTPUT PER WORKER (Xi. Li) 
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Graph lU? 

MANUFACTIIRING : SCIENTIFIC AND TECHNICAL PERSONNEL (Lij/Li) 
AND sector OJTPJT PER WORKER (Xi/Li) 
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' Graph 1 1 ’8 

MANUFACTURING: ARCHITECTS, ENGINEERS AND SURVEYORS (Llj/U) 
AND SECTOR OUTPUT PER WORKER (Xl/Li) 
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Graph I! -9 

MANUFACTURING ENGINEERS (Lij/Li) 
AND sector output PER WORKER (Xi/Li) 
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a standard deviation of 0. 14. Although the trend is quite clear, devia- 
tions from the trend are very important (as summarized in the value 
of standard deviation). Thus, as for the vertical 
refer to the wide ranges of the occupational v^ues at the 1, 000 and 
3 000 dollar levels of productivity. The horizontal evidence is illus- 
trated at the level of the three and five per cent occupational vaxues, 
for example. Analogous, and even stronger, evidence is shown m 
Graphs II-7 to II-9. 

Attention has to be drawn again to factors other than supply which 
could explain, at least partly, the above results, such as classification 
and definition problems, exchange rate problems and, above ail tne 
sector composition of output. There is no doubt that this latter factor 
is particularly important in explaining part of the deviations observed. 
How important this factor exactly is could o^y be determined on a case- 
study basis and at a higher level of sector disaggregation. 



3. SERVICES 

Table II-3 presents the results of the regression analysis for ^e 
services sector (sector 8 of ISIC). In this case, sector productivity has 
been replace by GDI’ per capita (X/P), and the economic non-monetary 
index, by the "sociai'Mndex (Is) which includes the number of doctors 
anH dpntlsts DO£.t“ primary school enrolments, the degree of literacy 
Sd tte ^mier it n'^wspap’ers and radios. It can. therefore be consld- 
ered as a good indicator of the level, if not of procuctivity , then at eas 
of activity of a large part of this sector. 

A glance at Table II-3 shows that the correlation coefficients are 
low and that many of them are non -significant. GDP per c^ p^ comes 
out on top, whereas the sector share of labour is not rexated to the oc- 
cupational structure at all. Analogous observations can be made wxth 
regard to the regression coefficients; their values are low and their 
standard deviations relatively important. Interestingly enough, the 
engineering categories show again the best correlation 

though the standard deviations of the b coefficients are rather formida 1 . 

Graphs II-IO to 11-13 depict the relationship between X/P, on the 
one hand, and major group 0, the STP category, major SrouplandJ 
respectively, on the ether. They are impressive evidence of the erratic 
nature of these relationships. There are probably two mam reasons for 
this state of affairs; one is the irregular behaviour of the relative weight 
of the services sector in total employment as development proceeds, and 
the other relates to the kind of HLM in this sector for which the y 
effects are probably important. The former reason - whicn is reflect d 
in countries having about the same sector share of employnient in ser- 
vices at various levels of development - has, of course, a distorting 
impact on the occupational percentage values; this is one of the Reasons 
why it is sometimes preferable to work with occupational coefficien ts 
rather than with the percentage distribution, as will be explained in 
Annex C * The bulk of HLM in this sector consists of medical personnel, 
jurists and teaching staff. The first two categories, in particular, are 
frequently considered as "traditional fields of study where the supply 

^ The occupational input coefficient is defined as the number of people in a certain occupation 
and employed in a certain sector necessary to produce a unit of output (one million US dollars') in that 
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Table II-3 SERVICES: REGRESSION EQUATIONS BETWEEN 

OCCUPATIONAL STRUCTURE (Llj/Li) AND ECONOMIC INDICATORS 

log (Lij/Li) = log a + b log (n) 
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NON-MONETARY INDEX: 
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jiaph II '10 

SERVICES: PROFESSIONAL AND TECHNICAL WORKERS (Lij/Li) 
AND GDP PER CAPITA (X/P) 
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Graph 11-11 

SERVICES: SCIENTIFIC AND TECHNICAL PERSONNEL (Lij/Li) 
AND GDP PER CAPITA (X/P) 
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Giaph 11-12 

SERVICES: ADMINISTRATIVE, EXECUTIVE AND MANAGERIAL WORKERS (Lij/Li) 
AND GDP PER CAPITA (X/P) 
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Graph 11-13 

SERVICES; CLERICAI. WORKERS !Lij/Li) 
AND GDP PER CAPITA (X/P) 
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effects may thus be important. It must be noted, moreover, that the 
three above-mentioned occupational groups are not usually related to 
economic and technological variables, but rather to demographic and 
enrolment variables. 

All this undoubtedly explains a great deal of the results as given 
in Table II-3 and as shown in Graphs II-IO to II-13. ^Quite clearly the 
services sector functions frequently as a "reservoir for non-manual 
manpower, and no clear occupational pattern emerges for this sector 
with rising overall levels of development. 



4. AGRICULTURE 

The results of sector 0 of ISIC are presented in Table II-4. Two 
sector specific non-monetary indicators have been introduced, nam.ely, 
fertilizer consumption per worker (F/Li), and tractors per worker 
(T/Lih The sources from which this information was dravm are indi- 
cated in Annex A. Both variables can be considered as indicators of 
agricultural technology in use. 

The primary sector is probably less appropriate than any other for 
international comparisons of occupational structures. This is so for 
a number of reasons. The definition of the agricultural labour force 
differs greatly between countries; thus, the proportion of HLM in total 
agricultural employment will depend to a large extent on whether or not 
family workers are included in the denominator. The inclusion or not 
of the unemployed will also be of particular importance. But even if 
this problem is solved, there remains the degree of disguised unem- 
ployment, which may affect the denominator (Li) very differently from 
onG country to another » It could bG argiiGd that thGSG diffarGncGS will 
cancel out when L enters on both sides of the equation (for example, in 
both Lij/Li and Xi/Li). However, the effect on Lij wiU be much greater 
than on Xi, since even the biggest Lij/L under consideration in this eco- 
nomic sector (all non-manual vrorkers talien together ; 0 + 1 + 2 + 3) 
rarely exceeds 2. 5%. It will be realized that the distorting factors we 
have spelled out are analogous to those mentioned above for the services 
sector, when it was also mentioned that in such cases occupational coef - 
ficients (with XL instead of Li in the denominator) would be more appro- 
priate for the analysis (see Annex C). 

With these qualifications in mind, snd turning to the results of 
Table II-4, it is important to note that the correlation coefficients are 
higher than those found in services. However, the standard deviations 
of the b coefficients are again quite substantial. It is also important to 
draw attention to the fact that the two non-monetary "technological in- 
dicators are better related to the minor -groups than the sector produc- 
tivity and investment variables. 

All in all, however, and granting the difficulties of measurement 
referred to above, the size of the standard deviations suggests that 
various occupational structures are possible at given levels of agricul- 
tural development and technology as reflected in our explanatory vari- 
ables. 
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5. MINING 



Three explanatory variables are used for the occupational ^^a^s 

f +hic? poonomic sector; sector productivity, gross capital format o 

of this economic s^c ghare of output. The latter has thus replaced 

fhT sTctorsh^^e o»^ is logical in view of the capital 

intensity of this sector. 

sary certain countries with extreme productivity v^ues. ^ so 
from this that the composition of output ®g° ^’^elevant in- 

cross-country comparisons of this sector. U^’^X be coS^^^^^^ 
formation for the important variable Sl/i-i could only b 

14 countries. 

The results of the calculations are presented in Table II-5. They 
are ratLr ansdogous to those found for agriculture: relatiyelv jof 
relation coefficients and high standard deviations attached to i>ic g 
sSfcoeffL^^^^^^^^^ findings lead to the same conclusions as those 

drawn at the end of the previous section. 



6. CONSTRUCTION 

As becomes clear from an examination of Table 

to be eSdS for want ^taT^The results mth the 'size variable 
(Li/L) are not given, because they were totally inconclusive. 

In the light of the results obtained with the two non-naoneiary ^ 
ables iust mentioned, we shall say only a few words about the analy 
Srformed^th sector productivity as the independent varmble tt m U 
le noted that the correlation coefficient of “^3or gr^ JLse w° oc- 
while the one for managerial workers is not. correlation 

cupational groups makes for a significant ^his r?- 

coefficient and a considerable drop in the standard deviatio • 

lationshlp has been 

Ind SLilonal errors is probably 

(see, for example, the situation of Greece on the graph). 

A the ■'■evel of the minor groups, only the coefficients for the SfP 
andtheen^neeringcalegori^^^^^ 

eS^r^marb” It could hardly contra«ct tte^ 

orpofsible a‘ analogous levels ol devel- 

opment in the construction sector. 
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Giaph 11-14 

CONSTRUCTION PROFESSIONAL AND MANAGERIAL PERSONNEL (Lij/Li) 
AND SECTOR OUTPUT PER WORKER (Xi/Li) 
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7. ELECTRICITY, GAS AND WATER 



This small sector of industrial activity comprises mainly the pro- 
duction of energy from various sources, but also water supply and 
sanitary services. It is, therefore, a rather heterogeneous sector 
from the product composition point of view: it falls really in between 
industrial and service activities. 

The energy producing part of the sector, in industrial countries, 
usually has a highly sophisticated technology, extremely capital-inten- 
sive and also more "white-collar” - intensive than any other primary 
or secondary sector. It follows that the denominator in Lij/Li is usually 
quite small: even in the United States of America, there were less than 
one million workers in the sector in 1960, or little over one per cent 
of total employment. The results of the analyses will, therefore, be 
particularly sensitive to errors in the classification of sector employ- 
ment. 

Two non-monetary variables are included in the analysis: total 
production of energy in tons of coal equivalent per worker in the sector 
(Ep/Li)*, and gross energy consumption in kg. of coal equivalent per 
capita (E/P).** The former only refers to part of the sector under re- 
view (because of the water and sanitary services), whereas the latter 
is not a sector specific technological indicator as it also includes im- 
ports (important for many developing countries) and because it has total 
population in the denominator. These facts ma3^ partly explain the re- 
sults for these two variables as indicated in Table II-7. 

The results with the two other variables (Xi/Li and TI/Li) lead to 
the same kind of conclusions 5 those reached in the sectors reviewed 
previously. 



8. TRANSPORT AND COMMUNICATIONS 



The services in this sector include, besides rail, road, water and 
edr transport, storage and warehousing, and communication services 
by post, wire and radio. As other service sectors, this is a very het- 
erogeneous one, and it can be expected a priori that this will also be 
reflected in the results of oui- calculations. 

Three explanatory variables are shown in Table II-8; thej' are 
sector output per worker, commercial vehicles per worker (C/Li), and 
number of telephones per worker (T/Li). There is no doubt that the 
reported data for sector output per worker may depart rather far from 
"real" productivity in this sector, which tends to be largely a govern- 
ment responsibility in most countries with "administered" prices and 
wages. This explains the search for non-monetary indicators although, 
given the heterogeneity of the sector, it has not been possible to find 
indicators covering the entire range of the sector' s activities. 

The results indicated in Table II-8 show that the non-monetary in- 
dicators do not improve the significance of the results as compared to 

* Source: World Ener g y Su p plies , UNO, 19^9~1962 and 1961-64; , U.N, Statistical 
Yearbook 1964-65, 

** Taken from Niewiaroskl, o p, cit > , and the same sources as above. 
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Table II 8 TRANSPORT AND COMMUNICATIONS: REGRESSION EQUATIONS BETWEEN 

OCCUPATIONAL STRUCTURE (Lij/Li) AND ECONOMIC INDICATORS (n) 

log (Lij/Li) = log a H b log (n) 









thP nrod'dctivity variable. All correlation coefficients are low and 
SL^^arfnolSignificant; the standard deviations of the regression 
Coefficients are high in all cases* 

We have also included major group 6 - workers in t^’^sport and 
communications which constitute, of course, the bulk of employm 
in this sector AS could be expected, this occupational category i 
neSivSy correlated with the explariatory variables. Anticipating on 
AnLx C we have also expressed this catego^ as an occupational coef- 
ficient (6/X) and, as can be seen in Table II-8 (last row) and Grap 
11-15 the relationship between this coefficient and sector produc ty 
gives the only highly sigrdficant fit in this economic sector. 



9. COMMERCE 

The share of sector employment in commerce of the maximum of 
44 countries for which we have the necessary data ranges from 3% 

Zambia and Turkey to 22% in the United States in 1960. As ^ready 
not“d for ^e previous economic sector, rising levels of sector develop- 
ment imply a decrease in the proportion pf mainstay or sector-spec 
workers and a rise in tlie proportion of higher qualified manpower a e- 
eories The "mainstay" group in the commerce sector being ma] 

SouD 3 (s^es workers), it did not make much sense to retain the usual 
asereeate of non-manual worker (0 + 1 + 2 + 3) for the an^ysis. e 
STP minor groups have also been excluded because of their relative 
uniniportanc© this ssctor. 

The explanatory variables adopted are sector productivity, gross 
cauiSfoiSationper worker, and sector share of employment. In 
addition, GDP pe r ca pita has also been included for reasons al y 
exposed in section 3 above. 

in actual fact the productivity variable for ^hi® sector is more 
meaningful than for seiwices, and this shows up in Table II 9, 

"c feen that the results with Xi/Li compare very well with those 

oS^ned mth X/P. The "mainstay" occupational group (m. g. 3) is agmn 
negatively correlated with the economic and technological variables, a 
could be ejected and as was the case with major group 6 in transport 
coi^Stions. Gr^ph 11-16 depIctB this relstlohShip b^ween the 
nronortion of sales workers in the sector, on the one hand, and 

woSr. on the other. The very flexible utiUsation pattern 
of the occupational structure is once again confirmed through t 

graphic presentation. 

Of the four explanatory variables retained, SI/L gives by far the 
highest correlation coefficients, although the standard errors ar ^ i 
rather formidable. The only rational explanation one can advance mr 
tMs resulUies in the much lower number of available observation. 

The lower part of Table II-9 shows some of the dependent variables 
eimressedTn a different way: firs*, as s„-caUed "malptay" ratios mth 
tS sec+or-specific occupational group m the denominator*, and second, 
L occupational coemcients with sector output in the denominator. The 

* Reasons fd doing so can be found in C. Leicester. 
r-PittiTh and Ertncatiw. O/iCD. 1966, mimeographed (DAS/EID/66. 5), pp, 23-24, 
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Graph 11*15 

TRANSPORT: WORKERS IN TRANSPORT OCCUPATIONS PER UNIT OF SECTOR OUTPUT (Lij/XI) 
AND SECTOR OUTPUT PER WORKER (XI /Li) 
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Giaph 11-16 

COMMERCE: SALES WORKERS (Li) /Li) 
and sector output per worker (Xi/Li) 
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introduction of "mainstay" ratios sligntly improves the results, but 
the most interesting result is again obtained with the sector-specific 

• -1 ' 4. ■*- 'T'ohlo 11 — Ml 

occupational coenicient 



- 

L„/X (last row of Table II-9). 



10. A "HORIZONTAL" ANALYSIS 



After this rapid survey of the results of the simple correlation 
and regression analyses by sector of economic activity, it is appro- 
priate to summarize some of the results by looking at them in a slightly 
different way. The best way of doing this, seems to be by presenting 
the correlation and regression coefficients obtained with one or more 
explanatory variables across economic sectors so that inter -sector^ 
comparisons of the results become possible. This will be called here 
a "horizontal" analysis. 

In the light of the evidence presented so far. this kind of analysis 
will be undertaken for the productivity variable only (X/L). It would 
have been perfectly feasible to do the same with the other explanatory 
va ’bles used in most economic sectors [such as In or SI/L). those 
nterested in this additional type of analysis can find all the 
relevant information in Tables II- 1 to II-9. which makes it possible to 
construct synthetic tables analogous to II- 10 and II- 11 presented below. 

It is not without interest to unfold the analysis according to a se- 
ries of hypotheses or assumptions which seem to be frequently adopted 
by manpower planners, or which seem Lo be built in the results of their 

forecasts. After enumerating those hypotheses, we can see how far 
the international evidence available confirms them or not. 



i) The hy potheses or assumptions 

The following hypotheses, it may be recalled, are concerned with 
the relationships between (sector) output per worker, on the one hand, 
and the occupational percentages in the various economic sectors, on 
the other: 

1. the correlation coefficient is higher for major group 0 than for 
the other major groups; 

2. however, within m. g. 0 the correlation is higher for the STP 
group; 

3. the correlations with these professional and technical occupa- 
tions are better in industrial sectors (manufacturing, electric- 
ity, etc. ) than in the other sectors; 

4. the correlations for m. g. 1, and particularly for major groups 
2 and 3, will be lower than for the professional and techmcal 

groups; 

5. the regression (elasticity) coefficients for m. g. 0 will be highei 
than for any of the other major groups. In other words, Pi’O" 
fessional and technical personnel will grow faster with produc- 
tive development than the other non-manual categories; 

6 within major group 0. the STP groups grow faster, and within 
STP technicians (0-X), increase faster than engineers (minor 
group 0-0 or unit-group 0-02); 



7. 



all these groups increase more rapidly in the industrial than 
in the other economic sectors; 

8. major groups 1 and 2 (managerial and clerical workers) will 
grow at about the same pace relative to productivity increase, 
while m. g. 3 (sales workers) will increase more slowly. 

ii) e results 

The first four hypotheses concern the correlation coefficients of 
the various occupational groups within the same economic sector and 
of each of the groups across economic sectors. Table II-IO presents 
the relevant results. We will deal with the hypotheses in succession. 

1. The first hypothesis cannot be rejected, except in transport and 
in commerce; in these two sectors, the managerial category comes 
out on top. In general, however, the proportion of professional and 
technical workers is indeed better correlated to the productivity vari- 
able than that of any other major group. However, the degree of de- 
pendence vanes greatly from sector to sector: R varies from over 

0. 9 for the whole economy, via 0. 8 in manufacturing, to 0. 3 in trans- 
port. 

2. -P'i. second hypothesis has to be rejected in the majority of cases 
in the i.'.;ht of the evidence. The correlation coefficient for the STP 
groi^t id a whole is not significantly higher than for major group 0, 
except in the construction sector. Scientific and technical personnel, 
when taken alone, thus seems to be more losely related to the produc- 
tive levels attained by countries in their respect'^ve economic sectors 
than when combined with the rest of the professional workers, such 

as medical practitioners, teachers, social scientists, etc. These latter 
occupations are usually thought to be more associated with general living 
standards than with standards of production. At this point, we have to 
recall the remark already made in Chapter III to the effect that many of 
our explanatory variables reflect both demend and supply effects. 

Before going on to the next hypothesis, it is woi*th while examining 
for a moment the correlations with the various minor groups composing 
STP and, particularly, with the engineering categories. We have just 
seen that there seems to be a loss of information when going down from 
major group 0 as a whole to the STP level. However, the information 
flow increases again when proceeding to the more disaggregated engi- 
neering categories: this is the case for the whole economy, mining, 
manvifacturing, services and, to a certain extent, for electricits'. _ In 
spite of the increase, the correlation coefficient for m. g, 0 remains 
higher than for the "best" minor group, except in two cases. 

3. The third hypothesis postulates a better correlation between pro- 
ductivity and major group 0 (and its minor groups) in the industrial 
than in the other sectors. Table II-IO clearly shows that the correla- 
tion coefficients for the professional and technical occupations are sys- 
tematically higher at the level of the whole economy than at the sector 
level. If we compare strictly the sector results, the only sector for 
which the hypothesis cannot be rejected is manufacturing. The other 
industrial sectors have often lower correlation coefficients than either 
agricultui or services, which is due less to the goodness of fit in 
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1. GDP pex capita. 

SOURCE? Sec Tablfii II-l to U-9, 



these two sectors than to the very poor relationships in the other 
sectors. 



4, The fourth hypothesis is related to the first one, but implies a hi- 
erarchy in the results as far as the correlations of the major groups 
are concerned. In general, this hypothesis cannot be rejected, althoug 
attention has to be drawn to the result for major groups 2 and 3 in the 
whole economy and in manufacturing. 

Hypotheses 5 through 8 refer to the relative values of the regres- 
sion coefficients. The relevant results are summarized in Table II-ll. 

5 The fifth hypothesis states i it the regression (elasticity) coefficient 
of m. g. 0 is higher than those of the other major groups. If we neglect 
for a moment the standard deviations, this hypothesis is confirmed in 
four out of nine cases (counting the whole economy as a sector ): min- 
ing manufr.cturing, construction, and electricity, i. e. , in all the in- 
dustrial sectors. The difference is particularly evident in the manufac- 
turing sector, although the elasticity of sales workers is astonishingly 
high. In the next chapter, this case will be further examined when we 
come to the problem of "deviant" cases. In agriculture, the profes- 
sional and technical workers seem to increase in numbers at about the 
same rate as the managerial workers relative to productivity increases. 
In transport, commerce and services, the reverse picture emerges: 
the managerial category increases faster with rising levels of develop- 
ment. The same is true for the whole economy. 

It will be obvious that a more subtle reasoning is required as soon 
as the standard deviations are taken into account, in particular, when 
they are relatively important. 

6. This hypothesis refers to the more rapid expansion of STP within 
rn. g. 0 and, within STP, to a quicker expansion of technicians as com- 
pared to the engineering occupations. The first part of the hypothesis 
cannot be rejected; the STP category has a higher elasticity coefficient 
in almost all sectors, except perhaps in agriculture and, certainly m 
transport and commerce, where these parameters cannot be signifi- 
cantly estimated. As already observed previously, the increased pre- 
cision in terms of the occupational description is offset by a loss in 
precision in the regression coefficients. 

The second part of the hypothesis is not supported by the limited 
evidence available. For the whole economy, the increase in the propor- 
tion of technicians is actually considerably slower than that of any other 
minor or unit group. The standard deviations are quite considerable 
throughout, however. 

7. Hypothesis No. 7 pc tulates that the professional and technical 
cktegoiies increase faster in the industrial than in the other economic 
sectors. For m. g. 0 as a whole, the hypothesis is only confirmed for 
manufacturing; agriculture and commerce h£ higher elasticiti^ than 
mining, construction and electricity. More oi less analogous patterns 
hold for the STP categories. 

8 The last hypothesis has to be rejected: the managerial group seems 
to increase faster than the clerical workers, whilst the sales workers 
show a very erratic pattern from one economic sector to another. 



VI 



FURTHER OCCUPATIONAL ANALYSES 



We shall now make a series of supplementary analyses dealing suc- 
cessively with multiple regression analysis, occupational analysis for 
a few sub-groups of manufacturing, adjusting for 'deviant cases' , and 
functions implying variable elasticity coefficients. 



1. MULTIPLE REGRESSION ANALYSIS 

The quantification of relationships between the occupational struc- 
ture and indicators of development presented in the previous chapter 
was based on simple correlation and regression analysis. It is inter- 
esting to examine if the introduction of more than one explanatory vari- 
able improves the results so far obtained in any significant manner. In 
this respect, it is especially X/L and SI/L which are worth considering. 
Table 11-12 presents, for the whole economy, the results of the follow- 
ing equation: 

log (Lj/L) = log a + b log (X/L) + c log (TI/L) (7. 1) 



The outcome of these calciilations is disappointing, owing mainly 
to the high intercorrelation between X/L and SI/L. This causes the 
resulting regression coefficients to become non-significant. One exam- 
ple will siiffice: for minor group 0-0, at the level of the whole economy, 
the following simple regression equation was calculated with SI/L as 
the explanatory variable (see Table II-l): 

log (Lo-o/L)=-2. 78 + 0.78 log (EI/L) R= 0.70 (7.2) 

(0.22) N = 15 



Adding X/L to the equation and using the same country observations, 
the results are as follows: 

log (Lo-o/L) = -4.04 + 1.44 log(X/L)-0. 29 log (FI/L) R= 0.80 (7.3) 

(0.62) (0.49) N=15 




By adding X/L, the correlation coefficient has gone up from 0.7 to- 
0.8. This, however, has been obtciined at the expense of a severe loss 
in the significance of the regression coefficients. Moreover', Table II-l 
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reminds us of the fact that the results with X/L ^one were much better 
in all respects than those of equations (7. 2) and (7. 3). * 



The only interesting aspect of equation (7. 3) is the suggestion of 
the possibility of substitution between capital and engineep ® 

negative regression coefficient for Sl/L), but the standard error 

attached to the regression coefficient makes even this asp :t highly 
dubious. 



Table 11-12 indicates that the problem of the size the 
error is a genersil one; only in one case, the combii. - 0 -‘■ 

could oth regression coefficients be considered as sign.ficr 
with a step-wise regressior programme at the level of t- e 
my and in the various econc nic sectors confirm the abo- i 
the "best" independent variable has been selected, the additi 
explanatory variables hardly increases the correlation, anc. 
sion coefficients usually become insigmficant. 



:andard 
1 category, 
:t. Attempts 
:ole econo - 
suits: once 
on of further 
the regres- 



One final point may be worth mentioning. It can be assumed a prior i 
that, for the smaller economic sectors, the introduction into a multiple 
regression equation of the scsile variables would improve the results of 
the fit. As an illustration, we present some of the results for the mining 
sector, relating the professional and technical categories to sector out- 
put per worker (Xi/Li) and sector share of output (Xi/X). 



Major group 0: 



log (Lo/Li) = -1. 35 + 0.49 log (Xi/Li) + 0.22 log (Xi/X) R=0 60 (7.4) 

’ (0.18) (0.11) N=31 



- Minor group 0-0: 

log (Lo-o/Li)= -1. 35 + 0. 38 log (Xi/Li) + 0. 28 log (Xi/X) R = 0. 78 (7. 5) 
' (0.18) (0.10) N = 14 



- STP 

log (Lgrpp/Li) — 



■ 1. 62 + 0.52 log(Xi/Li) + 0.24 log (Xi/X) R = 0.67 (7.6) 

(0.22) (0.12) N=21 



When comparing these results with the simple regressions (see Table 
II-5) it will be noted that, for an approximately similar number 
of observations, adding the size variable to the productivity variable 
increases the correlation coefficients considerably. The regression 
coefficients are not very clear, however, particularly those of the size 
variables. 

If we are, therefore, entitled to say that tne size of this sector 
seems to have some influence on the share of professional workers and, 
particularly, on the share of the STP and engineering categories, this 

* R = 0.87; b = 1.06 (0.13) With 24 observations. 
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_ 2 . 27 0 . 72 ( 0 . 68 ) 0.04 ( 0 . 54 ) 



does not seem to be the case for the managerial and clerical groups. 
Thus the multiple correlation coefficients of major groups 1, and par- 
ticularly 2, with Xi/Li and Xi/X are barely higher than those with sec- 
tor productivity alone. 

In spite of a few more or less interesting exceptions, the conclu- 
Sion of this section is clear; in general, the different explanatory vari- 
ables selected cannot fruitfully be combined in a multiple regression 
equation. Simple regression analysis has to be adhered to. 



2 OCCUPATIONAL ANALYSIS FOR 
SUB-GROUPS OF MANUFACTURING 



One of the results of the analysis presented in the previous chapter 
has been that the relationships found between the occupational structure, 
on the one hand, and the economic indicators, on the other, are more 
systematic and more reliable at the macro-economic level than at the 
sector level. In other words, sector disaggregation actually makes for 
poorer results. * An attempts has been made to examine whether this 
trend is confirmed at the sub-sector level. The occupational data avail- 
able from our source** did not permit covering more than two two-digit 
branches in manufacturing: chemical industries (ISIC 31-32) and basic 
metals and metal products (ISIC 34-38). The number of observations 
is 13 at most. For this reason, no statistical estimates were attempted, 
Graphic analysis has shown, however, that such estimates would proba- 
bly have yielded very poor results. 

Thus the proportion of managerial workers in the chemjcal indus- 
tries for example, varies from single to double as between Geiraany 
and Great Britain, apparently at a similar productivity level, while 
Argentina (with one-fifth of that productivity) reports the same propor- 
tion as Great Britain. For minor group 0-0, an asymptotic relation- 
ship to productivity is suggested, with the proportion of engineers re- 
maining stable at productivity levels above 6,000 dollars. 



For the broader sector metal manufacturin g, similarly va^e re- 
lationships appear for managers and, particularly, professional and 
technical workers. One of the explanations for the poor fit in these 
sub-sectors could lie in the "choice" of countries which are, with two 
exceptions, all more or less highly industrialized. As can be seen in 
many of the graphs shown in Chapter V, the link between occupational 
structure and productivity is usually (but not always) rather loose at the 
higher levels of economic development. More detailed analysis, on e 
basis of more abundant data, mil be necessary before any defimte con- 
clusions can be drawn from this sub-sector analysis. 




3. CORRECTING FOR "DEVIANT CASES" 

The calculations presented in Chapter V made use of the maximum 
number of available observations. An attempt will now be made to 

* Although! account will have to be taken of the imptoved results when correcting fM deviant 

cases, as will be shown in the following secticn, 

** Statistics on the Occupational and Educational StiucDire •... in 53 countries, 




84 



identify these observations which can be considered to disturb the "true" 
relationship between the variables for one cr several of the following 
reasons: (i) probable errors in classifying the dependent variable 
(clerical workers classified in the managerial category, technicians 
among engineers or vice versa ), having assumed, however, that the 
probability of such errors was not great enough to justify the exclusion 
of such observations from the outset; (ii) errors in measuring either 
the dependent or the independent variable. Examples may be found in 
the ambiguities of estimating agricultural production or employment; 
the definition of sector output (e. g. , countries giving net material or 
domestic product only); the conversion at official exchange rates; the 
definition of the active population (the exclusion or not of female work- 
ers, domestic workers, first job seekers, etc,); and (iii) observations 
which clearly deviate from the basic pattern because of certain atypical 
events, such as policies of rapid industrialization with a consequent 
bias in the occupational structure; position of dependence, e.g. , in 
trade, with consequent concentration on certain occupations, etc. 

The search for deviations due to any of these three reasons obvi- 
ously implies personal judgment in each case. This is particularly 
true for observations of the third type. It may not be superfluous to 
add that observations which were more or less deviant from the regres- 
sion line were not excluded without this being explained by one or more 
of the above reasons. For certain countries we did, however, exclude 
an observation which, without being deviant (as far as was known) in 
any of the three senses understood above, could still be suspected to 
bias the regression results by its extreme position in relation to the 
other observations so as to "stretch out" the correlation or malte for a 
higher regression coefficient than seemed justified by the "normal" 
average among countries. 

As far as possible, we have tried to make explicit the reasons un- 
derlying the elimination of each observation concerned. 

i) The Whole Economy 

It will be recalled that the best results of the regression analysis 
carried out so far have been obtained at the level of the whole economy 
and with output per worker as the independent variable. A special effort 
was called for here to make these results as applicable as possible for 
forecasting purposes. 

As to the equation relating professional and technical workers to 
output per worker, the following seven countries were excluded: the 
four East European socialist countries, Finland, Israel and South 
Africa. * The results of the regression analysis chan ged very little : 
the correlation coefficient increased to 0. 91 with an unchanged regres- 
sion coefficient (b = 0.66 and tj = 0.04). 



^ Socialist countries, because of output definition; Finland, because of probable inclusion of 
"faemen" in m.g. 0; Israel, because of the third reason, and South Africa, because of the labour 
force definition. 
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The flame is true with regard to the mai^gerial categojx* 
nating five countries, all different from the seven above*, increased e 
correlation coefficient very little and gave about the same elasticity^ 

0 94 (0.08). In spite of the extreme position of some of these countries 
(see Graph 11-2), their weight is apparently not important enough to 
change the basic relationship. The proportion of m.^agerial workers 
definitely tends to increase more rapidly than that of professional ^ 
technical workers, contrary to our expectations as discussed in the 
previous chapter. 

+hP m.M prouo as a whole (0 + 1), all thirteen countries men- 
tioneVrove^lSuded. Again, this barely Increased the ^rrela- 
tion coefficient and left the elasticity almost unchanged. 0.75 (0. 04). 

More interesting results are obtained with the minor groups. In 
the case of the STP and en gineering _c^gpries, tha following countries 
excluded were: Germany (ambiguous around the Ingemeur-Schulen^l, 
the socialist countries (see above), and Jamaica (classification errors) . 
In the case of the STP category, Finland was also excluded for the 
reasons stated above. 



recalculation are as 


follows 


1 - 




+ 0. 96 log (X/L) 


R = 


0.95 


(7.7) 


(0.08) 


N = 


18 




+ 0. 91 log (X/L) 


R = 


0. 88 


(7.8) 


(0.11) 


N = 


24 





The log-linear relationship between minor group 0-0 and 
a correlation coefficient of 0. 95 instead of 0 87 as shown in TaWe II- , 
the b coefficient becomes 0.96 (0.08) instead of 1.06 (0. 13). F°r the 
STP group, the correlation coefficient increases from 0.79 to 0. 88^. 
whereas the regression does not change sigmficantly. 0. 91 (0. llj m 
stead of 0. 98 (0.14). 

ThP technicians' category (0-X) has also been recalculated wto 
various countries excluded. However, the conclusions arrived at in 
Chapter VI remain valid: the growth of the engineering group proportion 



ERIC 



* All eUminations were done because of possible classification errors with regard to professionals, 

on the*, ono hand, and to clerical workers, on the other. 

Puerto Rico would have mote managers than each of the two other rnajor groups (in 
countries the order is the revise). As in several other sectas, J amaica and Hong Kong_a so appear 
h'e odV^rproporl^ (whicL may. however, be explained for the latter by the presence of many 

foreign manaaers i. e. , by a combination of causes (i) and (Ui) as above). 

Ecuador, El Salvador and Zambia all have very low proportions, the explanation for w ic 
has still to be found Only Ecuador was excluded, since it may be responsible, with Puerto co a 
ofti ^n? re high ellsUcity. For Fr^ however, the erre appears to be a result of misclassi- 

several other (rather less) aberrant cases (such as Panama Korea and the United 
States I960 with "too high" proportions, and Sweden and Ireland with low proportions). However, we 
had no particular reasons to treat these countries separately. , . r rin 

The soviet bloc has in no way a special position. Excluding the four countries would do 

nothing to the regression. 
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is more rapid than that of technicians, whatever the composition of 
the sample, and the standard deviations remain high. 

Lastly, we tried to improve the results of the "substitution func- 
tion" (see results of the multiple regression analyps with X/L ^d Si/L 
as independent variables: Table 11-12). The crucial problem of the 
statistical significance of the regression coeificients was not solved 
(the intercorrelation between X/L and Sl/L remained very high at 
around 0. 90), although the multiple correlation coefficients increased 
quite considerably. 




ii) Manufacturing 

A recalculation of the professional and technical personnel cate- 
gory (with N = 27) with regard to sector productivity confirmed the 
unitarity elasticity found in the original results (Table II-2); the b 
coefficient now becomes 1. 06 (0. 11) and R increases from 0.80 to 0.89. 
The intercept (log a) falls to -3. 16. 

With regard to sales workers , it will be recalled that a relatively 
high R was found, but that the b coefficient looked suspiciously high 
(0. 96). In the "corrected" version, the regression coefficient becomes 
0. 64 (0. 16) and R also decreases, from 0. 74 to 0. 61 (for N = 27). Log 
a becomes - 1. 88. 

In the case of technicians , the elimination of only two countries 
(Hungary and Jamaica) increased the correlation coefficient from 0. 50 
to 0. 60, but hardly changed the precision of the elasticity: 1.21 (0. 4b) 
instead of 1. 17 (0. 54). 

An interesting result was obtained for the ST]^group_. With 18 
observations, the correlation coefficient increased from 0. 65 to 0. 85, 
whereas the regression coefficient became more precise. 1. 15 (0. 17) 
instead of 1. 03 (0. 43). The intercept fell to -3. 62. 

Lastly, it may be mentioned that the inclusion of two addition^ 
observations (Greece and the UAR) in the engineering category (0-02) 
slightly increased both the correlation and the regression coefficients: 
R = 0.83; b = 1. 13 (0.24); -3.99 for 12 country observations. 



iii) Ot her Economic Sectors 

In agriculture and in electricity, correcting for deviant cases did 
not change the original results significantly. Even though in many cases 
the standard deviations become relatively smaller, they remained quite 
important on the whole. 

In the mining sector^ and still in relation to sector productivity, 
the ”corr-otions” increased substantially the correlation coefficients, 
leaving the regression coefficients basically unchanged, though more 
precise. 

A striking result was obtained through the exclusion of Germany in 
a multiple regression (including, next to Xi/Li, the scale variable Xi/X) 
for the two-digit engineering category (0-0). * 

❖ Germany reported a log-residual of + 0. 56, probably as a result of the inclusion of ‘’middle 
level” engineers. 
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log (Lo-o/Li) = -1. 45 + 0. 40 log (Xi/Li)+ 0. 25 log (Xi/X) R-0.92 (7.9) 

^ (0.10) (0.06) N=13 



By the entirely justified exclusion of one country, this equation improved 
considerably as compared to equation (7, 5) above. For the STP group, 
the improvement is less spectacular when Germany and Finland are 
excluded: 

log (L,3T,^/Li)= -1.54+ 0.48 log (Xi/ Li) + 0. 28 log(Xi/X) R=0. 79 (7. 10) 
STP' (0.17) (0.09) N=19 



This equation is to be compared to (7. 6) above. 

* 



* 






Many of the illustrations presented above show that a careful cor- 
rection for so-called deviant cases can be successful, particularly for 
the minor groups, in improving the precision of the estimate. 



4. FUNCTIONS WITH VARIABLE ELASTICITY 

The preceding analysis was based entirely on an assumption of 
constant elasticities implicit in the adoption of a log-linear relationship 
between the variables. It may be argued that it is unrealistic to assume 
such an unchanging geometric relationship, particularly over long pe- 
riods of time, and that a semi -lo g arithmic function, for example, would 
be more appropriate to depict the true relative development between the 
variables. A non-linear trend may also be caught by fitting a paraboli c 
function. When it is felt that there is an upper limit to the gro'\^h o^^ 
certain occupational shares, an asym ptote would take account of it. The 
plain linear arithmetic function might, of course, also be tried, if one 
sees any reason for doing so. * 

The trial calculations - made at the level of the whole economy only 
and considered appropriate in those instances - did not ^ve significantly 
better results than the log-linear relationship. In fact, in most cases 
the results obtained were worse in terms of the value of the correlation 
coefficients and the significance of the regression coefficients. 

A few illustrations may be helpful. In all cases, output per worker 
has been taken as the independent variable. ** 

i) Parabolic functions 

The parabolic function makes Lj/L a function of X/L and of its 
square (X/L)^. It has been tested rather more successfully than any 

* This function has been tried out by Layard ( op. cit. . p. 225): it gave consistenUy poorer 
results than the log -linear relationship. 

** All equations were tested without the deviant cases, as reviewed in the previous section. 



of the other functions for professional and technical workers and for 
the STP category. The results are as follows 



log (Lo/L)= -4. 48 + 2. 67 log(X/L) -0. 32 [log(X/L)]^ 
(0. 58) (0.09) 



R = 0.96 (7. 11) 
N= 36 



log (L„„„/L) = 5.05+ 2. 28 log(X/L) -0.21 [log(X/L)1^ 

(1. 93) (0. 30) 



R = 0.87 (7. 12) 
N = 25 



Although the correlation coefficients, particularly for m. g. 0, are 
quite impressive, the obvious colinearity between labour productivity 
and its square makes interpretation difficult. It would not seem, there- 
fore, that the margj.nal gains in the value of R counter balance the loss 
in ready interpretability and applicability as compared with the double- 
log function. 

ii) Semi -logarithmic functions 

The relationship log (Lj/L) = a + b (X/L) gives less reliable results 
than the double-log function in the three cases where this calculation 
was performed (m. g. 0, 1 and minor group 0-X). 

The only result worth presenting concerns the technicians category: 

log (Lo-x/L) = -0. 67 + 0.00025 (X/L) R = 0. 59 (7. 13) 

(0.00008) N = 2i 



As compared to the results presented in Table II- 1, the two United 
States observations have been excluded here, and the results are more 
or less comparable with the double-log equation calculated with the 
same country observations. 

iii) Asymptotic functions 

This function has been tried out for the total non-manual category 
(major groups 0 + 1 + 2 + 3) to see whether there is an upper limit to 
the propoirtion of ‘* *white collars*' an economy can absorb. With the ob- 
servations at our disposal, this question cannot be answered statistically 
with any degree of precision. For the equation Lj/L = a - b (l/X/L), 
the correlation coefficient i£^ -0.66 (as compared with 0.79 in double- 
log form; same observations, see Table II-l). The asymptote, a, is 
close to 30%* and the regression coefficient, b, is -7781.7 (1349.9), 
i. e. , much less precise than the log elasticity. 



iv) Linear functions 

The equation Lj/L = a + b (X/L) has been tried for three major 

* This is the least quare value of the asymptote. Some countries have actually a proportion of 
non-manual workers exceeding this percentage (United States: 38%, Canada: 36%, etc.). Imposing a 
theoretical upper limit of, say, 50% might give bener results. However, such a test, as also the present 
one, would be of analytical interest only, since no developing country comes near such a proportion. 
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groups and for the STP category. In all cases, 

reliable than with the double -log function. For ma3or group 0, t 
result was: 



Lo/L = 2.55 + 0.00157 (X/L) 
(0.00014) 



R = 0. 89 (7. 14) 

N = 36 



and for the STP category: 



L 



STP 



/L 



0.42 + 0.00045 (X/L) 
(0.00008) 



R = 0. 78 (7. 15) 

N = 25 



i 

i 



90 
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VII 



MAIN CONCLUSIONS 



The preceding analysis f the occupational structure of the labour 
force suggests the following general conclusions: 

Output per worker and product per capita are, across the board, 
the best explanatory variables with regard to the occupational 
structure included in the analysis. In particular, the non-mon- 
etary indicators are, on the whole, not better related to the 
occupational structure than is X/L. 

- The introduction of additional explanatory variables into the 
regression equation, although frequently improving the corre- 
lation coefficient, makes the estimate highly indeterminate 
because of the high standard deviations, caused in turn by the 
high intercorrelation betv/een most of the independent variables. 

A few interesting exceptions were noted. In general, however, 
the results of the multiple regressions do not permit the rejec- 
tion of the complementarity hypothesis between physical and 
highly-qualified human capital. 

- The best overall results have been obtained for the whole econo- 
my, in terms both of correlation coefficients and of the signifi- 
cance of the regression coefficients. These results can even 

be improved upon by a careful correction for ’’deviant" countries. 
At the least, therefore, the international comparison approach 
could serve as a useful macro-economic checking device of na- 
tional manpower estimates, 

- The results for manufacturing, particularly after correcting for 
"deviant" cases, are also hopeful, although the problem of the 
high standard errors of the regression coefficients begins 

to loom large. 

- In the other economic sectors, the occupational structures ap- 
pear to be much more "flexible". This is particularly true in 
services and construction, 

- Within the range of levels of development of the countries under 
review, it would appear that the log-linear (constant elasticity) 
function performs best. 

- In general, it is the professional and technical personnel cate- 
gory (m. g. 0) which is best correlated to the independent vari- 
ables, The engineering categories (at the two and three-digit 
level) frequently also giveWery good results. The STP cate- 
gories have a tendency to increase faster than all other occu- 
pational categories as development proceeds. 
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- There is no doubt, however, that even if the l egression results 
are fairly good, one can still obseiwe different values for the 
occupational percentages within rather narrow productivity 
ranges (cf. Graph II-l). This is, of course, even more so in 
other cases, where the standard deviations are more important. 
Other factors could, of co?irse, explain the observed variations: 
classification and definition problems (for example, technicians 
versus engineers), differences in the output composition of the 
sectors, etc. 

However, the evidence strongly suggests si,gnificant differences in 
the utilization pattern of highly qualified personnel among countries. 
Quite clearly, at the level of aggregation of this study and with the kind 
of data used, any interpretation has to be made with extreme care. The 
analysis will have to be pursued on a case study basis by taking, for 
example, the countries with different occupational varies and which are 
at analogous levels of development, and for by bringing in a host of ad- 
ditional explanatory variables in order to determine which are the most 
important factors behind those variations. 



Part Three 

ANALYSIS OF RELATIONSfflPS BETWEEN 
OCCUPATIONAL CATEGORIES, LEVELS OF EDUCATION 
AND SOME GENERAL ECONOMIC INDICATORS 



The second part of this study dealt with the econometric relation- 
ships between the occupational structure of employment (as a whole and 
by sectors) and the general economic indicators. An additional dimen- 
sion will now be introduced into the analysis, namely, the levels of 
education attained by the 'different occupational categories or the total 
labour force. On the other hand, the disaggregation by economic sec- 
tors will be neglected for the time being, as very few countries are 
able to supply data on the labour force broken down simultaneously by 
economic sectors, occupational categories and levels of education. 
Accordingly, we shall direct our attention to the occupational catego- 
ries/levels of education matrices based on the total labour force. 

The following table is included as a reminder of the general form 
of the matrices and the symbols most often used: j will represent, as 
before, occupational categories and k levels of education. 



Levels of educatirai 












A 


B. • • 


k. . . 


Total 


Occupational categorles"‘"->--^,^^^^ 










1 


^lA 


Lib- . . 


^Ik* • • 


^1 


2 


Sa 


CM 


^2k* • • 


^2 


j 

• 

• 


S-A 




L., 


L, 

1 


Total 


^A 




Lk 


L 

Total employment 



The laborious task of preparing the matrices, involved finding a 
common classification both for ocj^ational categories and for levels 
of education. The ISCO provided A''febmmon framework for the former; 
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ad hoc five -tier classification was 



for levels of education, a common 
worked out: 



A: university degree level or above; 

B: completed secondary level or above; 

C; more than eight years' schooling; 

D: eight years' schooling or less; 

E; mean years of schooling. 

Unfortunately, the available data did not permit to build this com- 
mon educational classification for each of the occupational groups ana- 
lysed in Part Two. Only the major groups and two minor groups of the 
ISCO were considered, namely; Major Group 0, professional and tech- 
nical workers; major group 1, executive and managerial personnel; 
major group 2, clerical workers; major group 3, sales workers; ma- 
jor group 7/8, craftsmen and production workers; minor group 00+ 
01+02+0X, scientific and technical personnel; minor group OX, tec^- 
cians. In addition, whenever the mean years of schooling is used to 
assess the educational inputs, major group 4, farmers, and major 
group 5, all manual categories except farmers*, were also analysed. 

All the preparatory statistical work is explained at length in Annex 
A; numerical values of observations will be found in Annex G. 

The relationships between the magnitudes included in the matrices 
and the general economic indicators, and between the magmtudes them- 
selves, will be investigated by using simple and multiple regression 
analyses and the step-wise regression system. In all cases, a double- 
logarithmic function of the following type has been adopted; 

log y = log a + b log x (+ c log z) 

These relationships are classified in three main groups; 

1 First, we try to test our initial assumption, i. e. , to detect some 
significant econometric link between the level of education of the differ- 
ent occupational categories and the level of development. The latter wiU 
be measured by taking as a yardstick, first, some of the usual economic 
indicators, and secondly, the occupational structure of the labour force 
which is itself largely a function of the same indicators, as shown in 
Part Two, at least on the level of the economy as a whole. 

2. Commonsense would also suggest that the level of education in the 
different occupations largely depends on the total stock of education in 
the labour force. We shall, therefore, try to discover the connections 
between these two magnitudes, in order to draw up a deployment model 
of the total numbers at each level of education in the (hfferen., occupa- 
tional categories. The independent impact of the available stock of edu- 
cation embodied in the labour force on educational perfiles of occupa- 
tions, will be called "educational supply effects . 

3 The analyses mentioned in 1 and 2 will then be combined: this 

means that both the development indicators (economic variables and 
occupational structure of employment in turn), and the educatmnal 
structure of the labour force wiU be introduced into a multiple regres- 
sion equation. An attempt wiU therefore be made to measure the com- 
bined influence of the economic "needs and of the pressure of the 
educational system on the educational profile of the different occupations. 

* This occupational grouping was called "major group 5" for the sake of commodity. It has 
nothing to do with major group 5 (miners) of the ISCO. 
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VIII 



PRESENTATION OF THE ANALYSIS 



1. INTRODUCTION 



It may be well to point out that our aim here is to confirm what 
isolated comparisons or ordinary commonsense seem to suggest - that 
there is a certain positH/e correlation between the educational inputs 
incorporated in the labour force and certain economic variables indi- 
cating a given level of development. In other words, the most highly 
developed countries should have the most highly educated labour force, 
and vice versa . 

While the analyses of spatial regression will enable us to confirm 
the existence of a correlation (more or less close, according to the 
case) betvreen levels of education and levels of development, they cannot 
throw any light on the causal relationship : whatever indicator may be 
used to measure the level of development, does it result from the level 
of education of the working population, or is this level of education a 
consequence of the level of development attained ? 

By and large, it can be said that all attempts to measure the con- 
tribution of education to economic growth consider the former as one 
significant cause of the latter in a production function; Demson s sur- 
vey* broke new ground in this field, and has already made some con- 
verts. ** On the other hand, all those whose job is to make systematic 
forecasts of educational needs as part of general economic planning 
calculate independent demand functions in which the explanatory vari- 
ables are often the same as the dependent variables in the production 
function [or other closely correlated variables, which comes to the 
same thing].*** The wheel thus comes full circle; clearer evidence 
could hardly be found for the probability of a reciprocal causality. 

This being granted, the investigator' s realization of his inability 
to draw a clear line between cause and effect should not obscure the 
importance of clarifying the relationships in either direction by using 



* See: The Sources of Growth in the United States and the Alternatives before uj, New-York 
Committee fa: Economic Development, Supplementary Paper No. 13. 1962. 

jk* The Contribution of Education to Economic Growth by G, W. Bertram. Economic Council 

of Canada, June 1966. 

*** See Layard and Saigal, o p. cit. , pp. 224 and 225, who are very expUcit on this point. 
June 1966. 
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all the statistical data available on the same lines as in the previous 
part of this study. * 



2. CHOICE OF VARIABLES 



i) Depencent Variables 

The level of education of the different occupational categories can 
be satisfactorily represented by the real numbers in category j who 
have reached each of the levels of education k, given. Ljk (see matrix). 

It is c! 3 ar however, that one cause of the variations in Ljk will 
be the size of x -a total force in the occupational category Lj, which 
suggests the idea of calculating the ratios Ljk/Lj in order to eliminate 
the dimensional effects. This percentage of each occupational oaxegoiy 
with a level of education k was, in fact, adopted as a dependent variable 
by Layard and Saigal in their study. 

Their published findings show that the labour productivity variable 
used by them accounts for only a minute proportion of the variance ob- 
served in Ljk/Lj: the coefficients of determination (R ) obtained are 
in most cases fairly small. A second rather less "refined" dependent 
variable had, therefore, to be found, while retainin g the essence of the_ 
information sunnl ied. i.e.. LTk. Thus a second dependent variable was 
chosen, Ljk/L, which affords the three-fold advantage of; 

1. Taking account of the dimensional effects, owing to L; 

2. completely separating the variations in Ljk from those in Lj, 
thus retaining only the proportion of group j with a level k in 
total employment; 

3. lastly, providing the same information as Ljk/Lj. 

It may further be noted that it is the educational structure of the 
total labour force, Lk/L, which ultimately interests the forecaster; the 
roundabout path through the various occupational categories is but an 
added luxury, since for each level of education k we have; 

L^k/L+ Lgk/L + Ljl!/L + ... = LLjk/L = Lk/L 



(column totals in the Occupational categories/ levels of Education matrix). 

We shall, therefore, test this assumption, v/hich is implicit in a 
number of studies on these question**, by retaining also Lk/L as a de- 
pendent variable. The systematic comparison of equations taking Lk/L 
and Ljk/L in turn as the dependent variable will make it possible to as- 
certsiin the j categories able to provide a better fit than by using the 
level of education k alone. 



* Pioduction function equations with laboui input broken down by education levels as explan- 
atory variables, will be presented in Annex D, . -ru 

Ecoiometiic Models of Education by Tinbergen and Bos, OECD Paris, 1965, and The 

Educa t ional' Saucture of the Labour Force . Netherlands Ecraiomic Institute. Rotterdam, Match, 1966, 
especially Chaptei* 3, 



The occupational structure denoted by Lj/L has again been tested 
here, although in much less detail than in Part Two, with Tihe abject of 
comparing the fits obtained with I j/L and LJk/L for samples :aicluding 
the same number of observations 

Lastly, it might be interesti j to consider a synthetic measure 
summarizing the total quantity oi education embodied in each occupa- 
tional category (kj) or in the tota_ labour force (kt) after having analysed 
their successive levels of educat onal attainment. This will give us two 
more dependent variables. 

To sum up, we shall take si dependent variables: 

Ljk/Lj, i. e. , the numbers i ' a category j witn an educmon k as a 
proportion of the to: 1 numbers in that category 

L; :/L, i. e. , the numbers n a category j with am education k as a 
proportion of the t: .al labour force; 

Lk/L, i. e. , the total numbers with an education k as a proportion 

of the total labour force; 

Lj/L, i. e. , the total numbers in a category j as a proportion of 

the total labour force; 

k^ representing the mean years of schooling for category j; 

k. representing the mean years of schooling for the total active 

population. 

ii) Explanatory Variables 

Our technological indicators will be, in turn, labour productivity 
measured by value added per man-year (X/L), Niewiaroski’ s economic 
indv x (le), and the capital/labour ratio measured by the sum of gross 
fixed asset formation during the eight years preceding the census as 
related to total employment (Ll/L). 

The value and limitations of these variables have already been dis- 
cussed in Part Two"*^; there is no need to go over the same ground again. 

The occupational structure of employment (Lj/L) has also been used 
to try to "explain" the level of education of the various occupational cate- 
gories. Part Two showed, in fact, that most of the variance in Lj/L 
can be "explained" by the economic indicators mentioned. We have, 
therefore, felt justified in considering the problem of variations in the 
occupational structure as being solved for the purpose of studying edu- 
cational levels, thus adopting a two -phase procedure. 

As obseiwed in the introduction to this part of the study, the total 
stock of education available in the la,bour force (Lk/L) should have an 
impact on the level of education of the different occupational categories. 
The educational structure of the labour-force will therefore be consid- 
ered here as an explanatory variable of Ljk/L. *** 

❖ See page 47 et seq. 

It will be noted that the occupational structure will be considered successively as a dependent 
variable and as an explanatory variable., 

*** It will be noted that tiie educational structure is also used successively as a dependent vari- 
able and as an explanatory variable. 
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3. EQUATIONS 



All the e:- lations set out below are in double-logarithmic form. 

Each can th= -efore, be characterized by ;he number of oDservations 
fia'thrsii^p- -T/multiple correlation coefficient (R), the constant 
{log a) and the different regression coefiic.ents (b, c . . . ), each acco 
pani6d by its s‘zand.a.rd d6via,tion. 

a^iinatinn of the different occupaUn nal categories, tech- _ 

Let n represent the three technological indicators, successively 
X/T le and Sl/L A first serie of simple regression equations, linki g 
E 4d?cilonal'p^ of the various oocuoatlonal categories mth the 
technological indicators, was tested: 



Ljk/Lj = f (n) 



See the results in Table III-l and the 
comments in Chapter IX. 



Then the level of education of the various occupational categories 
was linked with the technological indicators m an analogous way, 

Ljk/L = f (n) 

This series of equations was compared successively with the two 
following series: 



and 



Lj/L = f (n) 
Lk/L = f (n) 



) 



The results are presented in Table III-2 and commented in Chap- 
ter X. 

All the above equations were tested for each occupational group 
(from 5 to 9 categories as the case may be), associated in turn with 
eXof tte foulTvels of education A, E C and D (cumulative measure- 

merits). 

The overall level of education for each occupation^ group or for 
the total labour force was also tested, using the foUowing equations. 



k^ = f (n) 
k^ = f (n) 



See results in Table III-3 and comments 
in Chapter X. 



At last, for Dach occupational category (]) associated with a level 
of education (k), the following simple regression equations, were tested. 

Ljk/L = f (Lj/L) See results in Table. III-4 and comments 

in Chapter XI. 
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As already pointed out, this type of equation rests on the assump- 
tion that the occupational structure o. employment constitutes a valid 
substitute for the economic and technological indicators (Part ^wo), 
at least where fairly broad occupational categories m relation to the 
TconSy as a whole^are concerned, the only ones considered in this 

part of the study. 



Moreover these equations 
changes in th€; weights of occu: 
a systematic impact on their e 



ihould allow us to examine whether 
ational groups in the labour force have 
;r national profiles (levels). 



ii) Levels of ed ucation of the different occupati o nal categories and t i m 
edu cationa l structure oi' the total labour force 

The technological indicators will be dropped here and the levels of 
education of the occupational categories will be linked directly with the 
educational structure of the labor Torce through the following two series 
of equations: 



Ljk/L] = f (Lk/L) See results in Table III-5 and comments 
Ljk/L = f (Lk/L) in Chapter :XII. 



iii) 



Levels of education 
logical indicators, 
labour force 



of the different occu pational ca tegories, techno;- 
occupational and/or educational structure of t^ 



A first round of multiple regression equations was tested using the 
educational structure of the labour force and the technological indicators 
as explanatory variables : 



Ljk/Lj = f (Lk/L, n) 

Then n was substituted for the occupational structure of employment 
for the same reason as before, and the following sene was run: 



Ljk/Lj = f (Lk/L, Lj/L) 

The results are presented in Table III-6 and III-7, and commented 
in Chapter XIII. 



EDUCATIONAL PROFIl_: 3F THE OCCUPATIONAL CATEGORIES 
AND TECZiTOLOGICAL INDICATORS 



As already stated Ljk/Lj represents the proportion with a level of 
education k of the total number in occupational category j. This is cer- 
tainly the first ratio which c mes to mind when any attempt is made to 
express the "educational pr ; ilie" of an occupational group in precise 
terms. 

However^ having regard to the rather unsatisfactory results ob- 
tained by Layard and Saigal when this type of measurement is adjusted 
for X/L, it would be unwise to expect much new light to be thrown by 
equations in the form: Ljk/Lj = f (n), n being any one of the techno- 
logical indicators: see the fall results in Table III-l. 

Some of the fits are dii;>r:tly comparable with those in the Layard 
and Saigal study, which enables the following table to be compiled. 

DIFFERENT UALUES OF R IN THE EQUATION 
log (L— 'Lj) = log a + b log (X/L) 



ISCO 

^\Major Groups 


! 

0 


1 


2 


3 


TOTAL 


Levels of 
Education 


LSE 


OECD 


LSE 


OECD 


LSE 


OECD 


LSE 


OECD 


LSE 


OECD 


a) University 
degree level 
or above . . . 


0. 50 


0. 28 


0. 37 


0. 12 


0. 10 


0. 16 


0. 76 


0.42 


0.81 


0. 65 


b) Completed 
secondary 
level or 
above 


0.41 


0. 


49 


0.28 


0. 17 


0. 19 


0. 55 


0. 51 


0. 69 


0.75 


c Mean years 
of schooling 


0. 57 


0.4C 


-7 

i 


0.58 


0. 50 


0. 34 


0. 70 


0. 63 


0. 75 


0.74 



SOURCES: OECD! see Table in-i. Murnber of observations! (a) 25, (b) 21 and (c) 20. 

LSE : Layard and Saigal or Table 2, page 261, Number of observations: about 1 9, 
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Exactly concordant results could not, of course, be hoped for in 
the two cases; but even allowing for (i) differences of sample and 
(ii) differences due to certain approximations in quantifying the mem- 
bers with a particular level of education, some of the results are rather 
surprising. For instance, the excellent correlation obtained by Layard 
between graduate sales workers and productivity (R = 0.76) is noL con- 
firmed by our findings (R = 0. 42); the same applies to major group 1 
(administrators) with completed secondary level or above. 

Bearing this in mind, too much importance should not be attached 
to the differenc(js noted between two correlation coefficients, especially 
if the latter are low; their area of indetermination becomes increasing- 
ly larger in this case, especially if the coefficients are calculated from 
a relatively small number of observations. This does not alter the fact 
that the immense majority of the correlations shown in Table III-l are 
not significant for a confidence level of 5%, and poorness of correlation 
is generally confirmed by the imprecision of the coefficients of elasticity, 
most of which are in fact less than twice their standard deviation. 



Furthermore, none of the explanatory variables brings any distinct 
improvement in the results. Hence although the advantage of the index 
for productivity is as we have stated - in that it permits a better inter- 
national comparison of real incomes and is less sensitive to cyclical 
fluctuations - it must be admitted that the effect of these two factors on 
our coefficients is practically nil. This observation also holds good 
for our "capital" variable, which is assumed to correspond roughly to 
the level of production techniques employed in the preceding years. 

Nevertheless, in some exceptional cases the economic indicators 
chosen can "explain" up to a third of the variance in Ljk/Lj (R2 = 0. 30 
- 0. 36), which is still, however, very little. 

We thus obtain*: 

- if j represents administrators and k "more than eight years' 

schooling": . 

log (Ljk/Lj) = 1. 17 + 0.18 log (SI/L) R = 0. 68 

(0.06) N = 13 

- if j represents sales workers and k "more than eight years' 
schooling": 

log (Ljk/Lj) = -0. 62 + 0.64 log (X/L) R = 0.69 

(0.17) N = 17 



- if j represents manual workers and craftsmen and k more than 
eight years' schooling": 



log(Ljk/Lj) = 1.06 T 0.70 log (X/L) 

(0.25) 



R = 0. 59 
N = 17 



* The list is not exhaustive; see Table 





With some notable exceptions, which are too few to allow for any 
generalization, there thus does not appear to be any significant statis- 
tical link between Ljk/Lj and the technological indicators. The graphs 
which follow illustrate this point. 

Graph III-l shows labour productivity (X/L) and L,jk/Lj,^_ where j 
represents the "professional and technical workers and k, ^ completed 
secondary level or above": the correlation is R = 0. 42. It is easy to 
see, for example, that Puerto Rico and Israel have the same productiv- 
ity, whereas their respective values for Ljk/Lj are 95 and 60%. Con- 
versely, Ljk/Lj is the same in Canada and Japan (85%), while the level 
of productivity is five times as high in Canada as in Japan. 

Furthermore, the ratio Ljk/Lj approaches its extreme value 
(100%' in several countries, in some of which productivity is low (the 
Philippines, Japan, Hungary). Even if the t-test is applied to a country 
which has an average Ljk/Lj percentage, aberrant confidence limits 
are obtained: thus, Ljk/Lj, which equals 59% for the Netherlands, may 
in fact fluctuate between 38% and more than 100%. * 

Graph III-2 represents one of the best correlations obtained: 

R = 0. 69, where j corresponds to sales workers and k to more than 
eight years' schooling". The real value of Ljk/Lj is 13. 5% for Ecuador, 
but in actual fact, the extreme values calculated by the t-test are 3. 27o 
and 61%. ** 

This being so, the imprecision of the statistical links between 
Ljk/Lj and the economic indicators clearly seems to be due to the 
"complex" nature of the ratio Ljk/Lj, the variations in which result 
from the combined variations in Ljk/Lj. In other words, the ratio in- 
creases because Ljk increases, or because Lj decreases, or because 
both events occur. In reality, the following majy happen: the number 
of "managerial workers" (major group 0) with completed secondary 
level or above" (Ljk) is twice as high in the Netherlands as in Greece, 
while the total numbers in major group 0 (Lj) are thrqe times lugher 
in the Netherlands; the ratio between these two magnitudes will thus be 
lower in the Netherlands than in Greece, although the latter has a much 
lower productivity level. This is a frequent phenomenon: while some 
industrialized countries tolerate a large fraction of certain occupational 
groups with less than the appropriate level of formal education (which 
may be interpreted as a sign of social mobility), some developing coun- 
tries tend to limi t, admittance to any given occupation^ group to the 
holders of what is regarded as the adequate qualification, such as a 
university degree for major group 0. In their case, Ljk will thus more 
nearly approach Lj, which wiR itself be excessively small, and the ra- 
tio Ljk/Lj will be high in countries where productivity is generally low. 

The choice of Ljk/Lj as a dependent variable thus entails two se- 
rious drawbacks: imprecision of the statistical relationships owing to 
the very nature of the ratio, and an upper limit which is too close not 
to interfere with the correlations in cases where Ljk is close to Lj, 
which will be all the more frequent as the levels of education chosen 
are cumulative, 

* 

* At the confidence level of 95%. 

** Admittedly, Zambia and Egypt largely accougt foe the inaccuracy of the estimates, but other 
countries (Japan, Greece, Hungary), which are respoi^le,f<f pocs cctreiations at the "completed se- 
condary level ct above", are not included here foe laftK* 
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Graph lll-i 

NUMBER OF (PROFESSIONAL ANP TECHNICAL WORKERSi WITH (COMPLETED SECONDARY SCHOOLING AND ABOVE(, 
AS A PROPORTION OF TOTAL NUMBER IN THIS CATEC-ORY (Ljk/Lj), AND OUTPUT PER WORKER (X/L) 
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Graph 111-2 

NUMBER OF iSALES WORKERSi WITH iMORE THAN EIGHT 
A PROPORTION OF TOTAL NUMBER IN THIS CATEGORY (Ljk/U), AND OUTPUT PER WORKER (X/l.) 




'• <-> .i-. 

105 




114 



The lack of a significant statistical relationship observed in this 
Chapter could also be interpreted by some in more positive terms: it 
shows a remarkable flexibility of occupation-education patterns at ana!(.- 
ogous levels of development. 

We shall now consider whether the use of ^jjk/L as a dependent 
variable is likely to yield more precise econometric relationships, 
while supplying the same information. 




X 



LEVELS OF EDUCATION OF THE OCCUPATIONAL CATEGORIES 
AND TECHNOLOGICAL INDICATORS 



This chapter will be divided iu four main sections; in the first 
two, the results of the equations Ljk/L = f (n) will be compared with 
those of L-j/L - f (n) and with those of Lk/L = f (n). Then a third sec- 
tion will be devoted to a summary of the main econometric relationships. 
Finally t -e mean years of education of occupational categories will be 
related to the technological indicators. 



1. Ljk/L, Lj/L AND THE TECHNOLOGICAL INDICATORS 

As noted above, the use of Ljk/L as a dependent variable should 
allow, among other things, direct comparisons with Lj/L = f (n), thus 
revealing the effect of weighting the groups j by the levels of educa- 
tion k. 

The introduction of k may, indeed, be expected, in certain cases 
at least, to improve the results obtained with the occupational structure 
alone; this proposition is, at bottom, only a variant of our general basic 
hypothesis, which assumed a significant statistical link between levels 
of education and levels of development. 

The full results of these regression analyses will be found in Table 
III-2; the equations Ljk/L = f (n) are shown in the first 16 columns*, 
and equations Lj/L = f (n) in columns 17 to 20. ** This section wiU 
therefore be devoted to "horizontal" comparisons of the various corre- 
lation figures within each occupational category. 

Our expectations were not confirmed in the case of major group 0* **; 
the figures obtained for the occupational structure alone (Lj/L) are gen- 
erally better than those obtained after introducing any specific educational 

* In actual fact, we shall here refer only to the first three levels of education; university degree, 
completed secondary, and more than eight years' schooling, fci which the results are shown in the first 
twelve columns. There can, indeed, be no significant correlation at the eight years schooling or less 
level (columns 13 to 16) when the occupational categories are taken individually, 

** Calculated from the maximum available number of observations, i.e., with the same samples 
as those used for the "university degree (A)" level; always with the exception of major group 7/8, for 
which Lj/L = f (n) was calculated with the samples used at "completed secondary level ct above (B)", 

The Ljk/L percentages at university level were not, in fact, used for this group, as they were too small 
to be significant. 

Professional and technical workers. 
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the Levels of Education of Occupauonai Categories, (Cjk/Cj 

Table m.2. SIMPLE REGRESSION EQUATIONS LINKING 

f index log (Lj/L) \ V / > 

TO SOME GENERAL ECONOMIC INDlCATORii j X/I^ lo| ’ = log a + b log (n) 
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level whichever of the three economic variables is considered, ^ppar- 
therefore, the education factor introduces a rigid element into 
the equation, which may be explained in different ways. 

- First, it may be considered somewhat naive to expect a 
perfect fit between productivity and the level of education of 
professional workers; every year brinp forth a batch oi 
young graduates who try to break into the labour market, 
while the level of X/L partly depends on certain cyclicalfac- 
tors whose influence is by no means negligible. Th^ same 
situation is found, however, if the fits obtmned for the non- 
monetary index, rendered much less sensitive to economic 
conditions by its composition, are considerea. 

- A more convincing explanation lies in the fact that major 
group 0 includes certain professions for which a umversity 
degree is required (medicine, the bar, a Proportion of teach- 
ing posts and, generally speaking, all the traditiona P " 
feLions) to a varying extent, according to the country and 
for reasons having little to do with the economic variables. 



Graphs III-3 and III-4 with X/L as the X-axis and Lj/L ^^d 
Ljk/L as the Y-axis (j major group 0, k university degree) Jg^g^^°^at 
more clearly the role of k in the correlations. Graph III-3 revels tnat 
three countries are much above the line of estimation - ^^|os av a, 
Hnncarv and Israel; in Graph III-4 Israel comes into line while four 
other countries* join Yugoslavia and Hungary above it. It would thus 
appear that weighting by k has different effects on different countries. 

- it corrects a problem of occupational classification in the 
case of Israel; 

- it reveals that the numerical importance of Lj m Hunga^ 
and Yugoslavia is "supported by an equally high value for 

Ljk; 

lastlv it suggests that certain low-productivity countries* 
can never^^^^^^^^ boast a higher-than-average number of pro- 
fessional workers with university degrees. H is not imma- 
terial +hat these countries should be specifically idcuUxicu. 



Lastly, such countries as Honduras and Ghana, which v^re in 
perfect ^ignSent in Graph III-3, clearly fall below the line ^ Graph 
ni-4! in^cating a deficiency of university education in major group 0 
in these countries. 



The figures for sci entific and technic al workers** 
there is no significant difference between the correlations 



reveal that 
obtained with 
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* The Philippines, Egypt, Japan, Greece, 

Sub-groups 00/01/02/ OX, 



s r 



Graph III -3 

NUMBER OF iPROFESSIONAL ANO TECHNICAL WORKERSi, 

AS A PROPORTIOI! OF TOTAL EMPLOYMENT (Lj/L), ANO OUTPUT PER WORKER (X/L) 





1:^10 
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Graph III -4 

NUMBER OF (PROFESSIONAL AND TECHNICAL WORKERS, WITH (UNIVERSITY DEGREEi, 
AS A PROPORTION OF TOTAL EMPLOYMENT {Lik/D, ANO OUTPUT PER WORKER (X/L) 






121 



